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INTRODUCTION 
CHAPTBR - I 
I N T R O D U C T I O N 
Lagiuna Is the tana appl ied for tha f r u i t s of tha 
Legumlnosae family# which Is one of tha Inportant family 
from economic point of v iew. Grains of legumes are commonly 
known as p u l s e s . The pulses are Important and cheapest 
source of p r o t e i n . Pulse prote ins are cheaper and are 
prefered by those people* who do not take animal prote ins 
In thalr d i e t due to c u l t u r a l as %#all as r e l i g i o u s r e a -
s o n s . The major pulses of India and t h e i r prote in content 
are given i n table 1 . Blackgram (viyna mungo (L.) Happer } 
Is s a i d t o be one of the most Important pulses of viqna 
group. I t I s commonly c a l l e d as mash, urd, or mungo. Tha 
other Important pulse of vlgna group Is greengram (viqna 
radla ta (L.) wi lczek ) coamonly known as mung« moong or 
greengram i n India and mungo i n P h i l i p p i n e s . Hungbean i s 
a c l o s e r e l a t i v e of urdbean or blackgram belonging t o 
tha family Papl l ionaoaae . 
Greengram and blackgram are nat ive to the northern 
India-Burma region o f As ia . After the i r o r i g i n , they are 
widely c u l t i v a t e d in almost a l l tha s t a t e s of I n d i a . I t 
i s a l so c u l t i v a t e d in Pakis tan , s r l l anka and Buxina and 
soma other parts of south and s o u t h - e a s t As ia . 
The mungbean i s c u l t i v a t e d most e x t e n s i v e l y in 
India-Burma- Thailand region of As ia . I t i s a l s o c u l t i v a t e d 
in wast Indies^ U.S.A. , Austra l ia and oth^r Sast and 
Osntral parts of Afr ica . S ta tewlse production of pulse 
crops Is given In the tab l e s 2(a) and 2 ( b ) . 
Mungbean (greengram) and urdbean (blackgram) are 
grown p r i n c i p a l l y for t h e i r high prote in contents In 
seeds which are used by human beings as food a l l over the 
world. They are used In various forms by the human b e i n g s . 
Green pods of greengram and blackgram are used as vage* 
t a b l e s . The seeds are prepared by cooking, fermenting, 
m i l l i n g or sprout ing . They are u t i l i z e d in making soups, 
curries« bread, s w e e t s , nood les , sa lad and many other 
cu l inary products . 
The seeds of greengram (mungbean) and blackgram 
(urdbean) have around 24% of p r o t e i n , which i s compara-
t i v e l y r i c h in l y s l n , (amino acid) g e n e r a l l y d e f i c i e n t 
i n c e r e a l g r a i n s . A l i s t o f e s s e n t i a l amino acids of 
ijlackgram and greengram i s g iven in tab le 3 . 
Greengram and blackgram are a l s o important from 
medicinal point o f v iew. Among the p u l s e s , the mungbean 
i s favoured by ch i ldren and the e l d e r l y persons due to 
i t s easy d i g e s t i o n and low production of f l a t u l e n c e . 
Mungbean i s a l so r ich in vi tamin 3 , s o i t i s used as 
remedy for barlbery d i s e a s e . Blackgram i s used as medicine 
to cxire the p a r a l y s i s . Nutr i t ious value of the greengram 
and blackgram i s g iven in the t a b l e s 4(a) and 4(b) 
r e s p e c t i v e l y . 
Th9 leguminous crops have unique property of 
biological nitrogen fixation from the atmosphere as well 
as conserving and improving physical properties of the 
s o i l . Moreover* they are also u t i l i z e d as fodder crop* 
Dried and green stal)cs and leaves of raungbean and urd-
bean are used as fodder. 
There fore« in view of the econcnlc importance and 
other remarkable features* a programme of invest igat ion on 
various aspects such as hybridization, mutation breeding 
and induction of polyploidy has been proposed with a 
view to develop new improved variet ies of greengraro and 
blackgram with respect to high yield* better quality and 
diseases and insect-pests res i s tance . 
New gene recomoination takes place by hybridi-
zat ion. I t i s easy and best mathod to unite the desirable 
genes from different var iet ies as well as from different 
se lected s p e c i e s . Moreover* i t i s one of the means of 
increasing var iab i l i ty in a particular spec i e s . Hybridi-
zation between greengram* blackgram* rice bean and 
adzukibean was tried by Ahn and Hartman (197 8) , aoth 
intervarieta l as well as inter spec i f i c hybridization 
have been proposed for developing the hybrid vigours. 
Mutation breeding i s one of the most important 
sources of developing genetic var iab i l i t y . Mutagenesis 
i s the easy method for inducing alteration in the 
gonotypa to enlarga tha v a r i a b i l i t y in q u a n t i t a t i v e and 
q u a l i t a t i v a characters in a s h o r t e s t p o s s i b l e time and 
provides good scope for s e l e c t i o n s . 
The induct ion o£ nuta t ion i s brought about by 
using chemical and phys i ca l mutagens or by a coabinatlon 
o£ these two. Physical mutagens l i k e X-rays , UV-rays, 
gamma rays and chemical mutagens l i k e Bthyl methane su l> 
phonate (SMS), Die thyl su lphate (D6S), Methyl methane 
sulphonate (MMS) and nitrosomethyl urea (NMU) e t c . are 
being used £or inducing mutagenes is . 
Third important method of improving the plant crops 
i s the induct ion o f p o l y p l o i d y . Greengram and blackgram 
are genera l l y d i p l o i d s p e c i e s . Autotetrapolyploidy may 
be induced i n mungbean by t r e a t i n g a p i c a l buds of s e e d l i n g 
p lants with c o l c h i c i n e (Kumar and Abraham, 1942 a , b | 
Sen and Murty, I 9 6 0 ) . I n t e r s p e c i f i c s t e r i l e hybrids may 
be made f e r t i l e by g iv ing the c o l c h i c i n e treatment . 
These amphldiploids thus obtained w i l l be s t a b i l i z e d by 
s e l f i n g for 7-8 g e n e r a t i o n s . These po lyp lo id s p e c i e s 
(Autotetraploid and Amphiplold s p e c i e s ) may be use fu l in 
bringing c r o s s e s betii#een them or with d i p l o i d s p e c i e s t o 
gat hybrid v i g o u r . 
Tabla 1 t pro te in content of major pulses of Ind ia , 
Corainon name Botanical name Protein % 
soybean 
Chlkl lng ve tch 
L e n t i l 
Bean (dry) 
Oowpea 
Blackgram 
Greengram 
Pigeon pea 
Horse gram 
Pa as 
Gram 
Glycine max(L») Merr. 
Lathyrua s a t l v a L» 
Lens c u l l n a r l s Medic. 
Dollchos lab lab L, 
Vlqna s i n e n s i s (L.) Savl 
Vlqna munqo (L.) Hepper 
vlqna radlata (L.) wllczek 
Cai anus calan Sprang 
Dollchos b l f l orus L, 
Pisurn sativum L* 
Clcer arletlnum L. 
43.2 
28,2 
25.1 
24.9 
24.6 
24.0 
24.0 
22.3 
22.0 
19.7 
17.1 
source I Health Bulletin Mo. 23 (1946) 
Nutrition Research Laboratories coonoor (south Ind: 
Table 2(a) » Statawlse area, production and y i e l d of 
Blackgram (Kharif and Rabl) in I n d i a . 
S ta te Area Production 
(000 hactare) (000 tonnes) 
Yie ld 
()cg/ha) 
A. P* 
Bihar 
Haryana 
Karnataka 
212 
111 
7 
55 
M.P, 
Maharashtra 
Orissa 
704 
471 
4 37 
Punjab 
Raj as than 
Tamil Nadu 
U.P* 
West Bengal 
15 
142 
197 
201 
118 
Al l India Total 2714 
119 
46 
4 
14 
168 
150 
239 
7 
47 
51 
49 
50 
903 
751 
418 
-
259 
239 
319 
547 
452 
333 
263 
244 
426 
355 
source % D irectorate o£ Economics, ICAR, New Delhi (1984) . 
Table 2(b) t Statawise araa production and yield of 
Graengram (Rabi and KharIf) In India. 
State Area Production Yield 
(000 hectare) ('000 tonnes) (kc^ha) 
A.P. 
Bihar 
Haryana 
Karnataka 
524 
166 
4 
171 
M,P. 
Maharashtra 
Orissa 
224 
4 54 
561 
Punjab 
Raj as than 
Tamil Nadu 
U.P. 
West Bengal 
All India Total 
29 
214 
83 
167 
19 
2629 
235 
77 
3 
59 
59 
147 
318 
23 
17 
23 
73 
13 
1060 
449 
463 
750 
333 
264 
325 
568 
820 
81 
283 
44 2 
660 
403 
Source I D irectorate of Economics* ICAR/ New Delhi (1984) . 
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Table 3 t S s s a n t i a l amino acids of blackgram. 
Amino acids Parcsntaga 
Total n i trogen 4*18 
Arginina 0,52 
Hls t id ina 0.36 
Lysine 0,4 3 
Tryptophana 0*07 
Phenylalanine 0,31 
Cystine 0 ,08 
Ma t h i onina 0 • 09 
Threonine 0,22 
Leucine 0.4 2 
I so lauc ine 0,30 
Valine 0,31 
source I A Taxt Book of Economic Botany, pp. 144. 
Wiley Sastern Limited, New D e l h i . 
Table 4(a) t Nutr i t ious value of greengram. 
(10 0 gram of dry e d i b l e parts ) 
Food content gram/10 0 gran seeds 
Snergy ( k . c a l ) 
Moisture 
Prote in 
Fat /011 
Carbohydrate 
Fibres 
Minerals 
Calcium (Ca) 
Sulphur (S) 
Phosphorus (P) 
Iron (Fe) 
Mg 
Na 
K 
Cu 
Cl 
source t A Text Book of Sconoroic Botany* pp. 147. 
Wiley Eestern Limited* New D e l h i . 
381, 
10, 
24, 
1. 
56, 
4, 
3, 
124. 
188, 
32< 
7, 
171 , 
28, 
843, 
0, 
12 . 
. 0 
.4 
.0 
.3 
.7 
.1 
.5 
• 0 
.0 
>6 
.3 
• 0 
,0 
.0 
.91 
.0 
mg 
mg 
mg 
mg 
mg 
mg 
mg 
f mg 
mg 
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Table 4(b) i Nutr i t ious value of Blackgram. 
(10 0 gram of dry e d i b l e parts ) 
Food content gran/lOO gram seeds 
Moisture 10*9 
Protein 24 .0 
Pa t /Oi l 1.4 
Fibres 0.9 
Ceurbohy drate 59 • 6 
3.2 
174.0 mg 
154.0 mg 
385.0 mg 
9 .10 mg 
185.00 rag 
39 .80 mg 
800.00 mg 
0.72 mg 
9.00 mg 
C a l o r i f i c value -^n nn v o^i 
(per 100 gra ins ) 350.00 K.cal 
source X A Text Book of Sconomic Botany^ pp . 144. 
Wiley Sastern Limited, New D e l h i . 
Minerals 
Sulphur (s) 
Calcium (Ca) 
Phosphorus (P) 
Iron (Fe) 
Mg 
Na 
K 
Cu 
CI 
ORIGIN, TAXONOMY 
AND BOTANY 
CHAPT3R - I I 
ORIGIN, TAXONOMY AND BOTANY 
2 . 1 ORIGIN OF BLACKGRAM AND GR£SNGRAH 
2 . 1 , 1 Black^ram % 
On the bas i s of o r i g i n , twenty s p e c i e s of I^aseolus 
are d iv ided i n t o A s i a t i c and American t y p e s . There are f ive 
s p e c i e s of A s i a t i c type inc luding p . rounqo and P. aureus 
which are not found in wi ld s t a t e . Both the spec i e s o r i g i . 
natad in India and other four c u l t i v a t e d American spec i e s 
o r i g i n a t e d in Southern Mexico. 
The blackgram has or ig ina ted from India as a 
primary centra of o r i g i n of urd and cen tra l Asia as a 
secondary centra (Vavilove, 1951) . The blackgram has o r i g i -
nated in India from Phaseolus sublobatus , a wild progenitor 
(zokosky, 1950) . 
The ancient Indian l i t e r a t u r e l i k e "Kautilya's 
Arthashastra* and "charak Samhita** have a l so mentioned 
the blackgram. In those days blackgram seeds were used 
as weighting uni t c a l l e d "Mas ha". Twelve mas ha make the 
••tola". In t h i s way t h i s crop has been known in t h i s 
country from a n t i q u i t y , 
2 . 1 , 2 Greenqram % 
There i s controversy regarding the or ig in of 
greengram, Vavilove (1951) reported that the nat ive place 
12 
o f grsangrain was I n d i a and c e n t r a l A s i a . Tha v , r a d l a t a 
v a r . su ia lobata former ly synonymad as Phaseolua sublobatixs 
appaars t o ba the roost probable p r o g e n i t o r o f both b l a c k -
gram and greangraro ( z o k o s k y , 1950) and occurs w i l d In I n d i a 
and I n d o n e s i a (Dana, 1 9 7 6 ) , According t o Verdcourt ( 1 9 7 0 ) , 
V . r a d l a t a v a r , s u b l o b a t a Roxb, I s undoubtedly tha w i l d form 
o f graengram and probab ly of blackgram as w e l l . The same 
r e p o r t was g i v e n by Pra in as e a r l y as 1898 (P ipe r and Morse, 
1 9 1 4 ) . 
2 . 2 TAXONOMY OF BLACKGRAM AND Q^ SBNGRAM 
2 . 2 . 1 Blackgram i 
There has been a g r a a t c o n t r o v e r s y amongst tha 
taxonorols ts r e g a r d i n g the nama and I t s taxoncmlc p o s i t i o n . 
Roxburgh (1932) f i r s t t ime d e s c r i b e d and named a number of 
s p e c i e s and v a r i e t i e s o f the Phasao lus grown In I n d i a , and 
named tha graengram as Phasao lus roungo w i l l d , and the 
y e l l o w v a r i e t y (sona mung) as P. aureus Roxb, w h i l e b l a c k -
gram was c a l l e d as P. r a d l a t u a W l l l d . Duthle and F u l l e r 
(1882) has f o l l o w e d t h e same n o m e n c l a t u r e . However, Praln 
(1898 , 1903) had r e v e r s e d the ncnianclatura and c a l l a d 
graengram P . r a d l a t u a L , and blackgram P . mungo v a r . 
Roxburghl i P r a l n . Bosa (1939) r e f e r r e d mung as P. r a d l a t u s L, 
s y n , P , a u r e u s . Phasao lus s p e c i e s s h o u l d be t r a n s f e r r e d to 
tha genus v l g n a on the b a s i s o f kaa l c h a r a c t e r i s t i c s 
( k a a l i s s t r a i g h t and l a t e r a l l y c o i l e d or curved i n Vlgna, 
w h i l e i t i s curved or c o i l e d i n the genus P h a s a o l u s . 
13 
Methods o f d i f f e r e n t i a t i o n between the genera Phaseolus 
and Vigna have been reviewed by Svans (1975) , and Marechal 
(1975) , The main d i s t i n g u i s h i n g features between these 
genera and presented in Table 5. wi lczek (1954) named 
Vigna rad ia ta (L«) Wilczek for green gram (inung) and 
Hepper (1956) named Vigna mungo (L.) Heppar for blackgram 
(urd) . 
The taxonomic s t a t u s of blackgram i s given 
below (Bentham and Hooker, 1882-83) i 
Kingdom 
Div i s ion 
Sub-d iv i s ion 
Class 
Sub-c lass 
S e r i e s 
Order 
Family 
Subfamily 
Ganus 
Spec ies 
Plantae 
Sperroatophyta 
Angiospermae 
Di CO t y l e don ae 
Polype ta laa 
Calyc i f lorae 
Resales 
Leg\iminosae 
Papi l ionatae 
Vigna 
mungo 
2 , 2 . 2 Greengram i 
The taxonomy of blackgram and greengram was not 
c l ear for a long t i m e , Roxburgh (1832) descr ibed and 
named a number of v a r i e t i e s and s p e c i e s of Phaseolus 
grown in Ind ia . He has des ignated t l ^ green-seeded mung-
bean as Phaseolus mungo w i l l d , , yel low seeded mung bean 
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as £• aureus Roxb. and blackgram as P. radlatus Wil ld . 
This nomanclature have been r e v i s e d by Praln (1903) and 
c a l l e d inung bean as P. radlatus L, and blackgram as 
P. munqo L, var . Roxburghli Pra ln , Later« Bose (1939) 
re ferred to mung bean as P. radlatus L, s y n . P. aureus 
Roxb, The taxoncny and e v o l u t i o n of the genus vigna has 
been descr ibed In d e t a i l by Baudoln and Marechal (1988) . 
• The present taxonomlc p o s i t i o n of the greengram 
Is as g iven below (Benthan and Hooker, 1882-83) 
Kingdom Plantae 
D iv i s i on Spermatophyta 
Sub .d lv i s i on Angiospermae 
Class Dicotyledonae 
Sub-c lass Polypetalae 
S e r i e s Calyc l f lorae 
Order Rosales 
Family Legumlnosae 
Sub-family Papl l lonatae 
Genus Vlqna 
Spec ies rad la ta 
2 . 3 BOTANY OF GRBBMGRAM AUD BLACKGRAM 
2 . 3 . 1 Greengram t 
Habit $ Annual, herbaceous, 30-120 cm. t a l l , e r e c t 
or s u b e r e c t . 
Root t Tap root system, provided with nodules for 
atmospheric n i trogen f i x a t i o n . 
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Stem } The stain i s near ly square, s l i g h t l y r ibbed, 
hollow with h i s p i d h a i r s , green. 
Leaves t A l t ernate , u sua l ly t r i f o l i a t e , p a t i o l a t e d . 
F i r s t two l e a f l e t s are opposi te and 
a s y n n e t r i c a l but top l e a f l e t i s synunetrical 
and ovate , 3-12 x 2-10 cm, e n t i r e . S t i -
p e l l a e are prominent a t the base of the 
p e t i o l u l e . 
In f lorescence t An a x i l l a r y or terminal raceme with a 
c l u s t e r of 10-12 f l owers . Peduncle i s 
3 . 0 . 1 3 . 0 cm. long, s l i g h t l y twi s ted and 
pubescent when young. 
Flower t Bracteate , complete, b i s e x u a l , zygomorphic, 
pentamerous, yel low in c o l o u r . 
Calyx I Campanulate, glabrous, 5 s e p a l s , gamo-
s e p l o u s , green, va lvate a e s t i v a t i o n . 
c o r o l l a I Fine p e t a l s , po lype ta lous , pap i l i ona -
ceous* ye l low in c o l o u r . 
Androeciuro » Ten stamens, diadalphous (9) -t-l, f i lament 
thread l i k e , anther b i t h e c o u s , b a s i f i x e d , 
pale yellowish-bDOwn in co lour , dehiscence 
l o n g i t u d i n a l . 
Gvnoecium i Monocarpellary, superior ovary, u n i l o c u l a r , 
marginal p lacenta t ion with hairy s t y l e and 
stigma s imple . 
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Fruit t Fruit is a pod, cylindrical, slightly 
bulged over the seeds. 5.0.9.0 cm. long 
beaked slightly. Dark brown or black colour 
at maturity, containing 5-15 seeds. 
Seed t Oblong having squarish ends, colour ranging 
from yallow, green or light brown. Seed 
coat is marked with £ine wavy ridges and 
is rought to feel. Hilum is elliptic, flat, 
cotyledons are light yellow or dull white. 
Germinations s Spigaal type with first two simple leaves. 
2.3.2 Blackqram « 
The botanica l d e s c r i p t i o n of blackgram i s s imi lar 
t o that of mungbean. A few important characters are 
d e t a i l e d below i 
Habit 1 Annual, herbaceous 30-100 cm. in he ight , 
e r e c t to t r a i l i n g type* 
Root I Tap root system, provided with nodules for 
f i x i n g atmospheric n i t r o g e n . 
Stem { The stem i s d i f f u s e d , furrowed, and covered 
with rough h a i r s , branched. 
Leaves t T r i f o l i a t e , e n t i r e , ovate to lanceo la te 
with acuminate t i p . L e a f l e t s are mem. 
branous and l i g h t green and with s t i p u l a t e . 
I n f l o r e s c e n c e ! An a x i l l a r y or terminal raceme with 
c l u s t e r of 5 .8 flowers on a short peduncle . 
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Flowers 
Calyx 
coro l l a 
Gynoecluro 
F r u i t 
eed 
I Brac taa te , complete b isexual zygomorphic, 
pentamerous and yellow in colour . 
I Five sepals« gamosepalous« green and 
valvate a e s t i v a t i o n , 
I Five p e t a l s , polypata lous , papilionaceous 
and yellow in colour* 
Androecium t Iten stamens, diadelphous (9) + 1/ filament 
thread l i t e , bitheoous anther , longi tudina l 
dehiscence. 
J Monocarpeliary,ovary supe r io r , un i locu la r , 
marginal p l acen ta t ion , ha i ry s t y l e and 
simple stigma* 
I Pods green when young and become grey to 
dark brown a t matur i ty , 3-6 cm long covered 
with long dense h a i r s , conta in ing 3-6 seeds, 
t Oblong, having squar ish ends> colour var ies 
from ol ive-green to grey t o black* Hiluro 
i s concave and wbi t ish in colour , seed 
weight va r i e s from 4-6 gram/10 0 s eeds . 
Germination i Spigaal t y p e . 
1 8 
Table 5 i Diffaranca between the genus Phaseolus and 
Vlgna 
3 1 . 
No, Phaseolus Viqna References 
1 , s t i p u l e truncate S t ipu le cordate 
and prolonged 
Wilczek (1954) 
2 . Keel s p i r a l l y 
t w i s t e d 
Keel e r e c t and 
incurved 
Happar (1956) 
3 . S t y l e without 
a p i c a l appen-
dage 
S t y l e with 
d i s t i n c t 
appendage (beak) 
Hepper (1956) 
4 . Fruit not 
s e p t a t e 
Fru i t s epta te Hepper (1956) 
5 . F i r s t pa ir of 
leave p e t i o l a t a 
F i r s t pair o f 
leaves s e a s i l e 
Tourneur (1958) 
6 . Fine sculptured 
po l l en grains 
Open ret iculatum 
of p o l l e n grains 
Verdecourt (1970) 
CULTIVATION 
CHAPTER - I I I 
CUliTlVATION OF BLACKGRAM AND GREENGRAM 
3 . 1 BLACKGRAM 
BlAckgram is widely cultivated in India, Pakistan, 
Sri Lanka, Bangladesh and Burma. It is commonly grown as 
a mixed crop with maize, millets* cotton and pigeon pea. 
In Peninsular and South India, it is sometimes grown alone 
for manuring paddy or as a second crop after the cereal. 
In Kangra valley (Punjab), it is often grown on bunds 
around terraced paddy fields. Total production and area 
under cultivation of blackgram in India is given in Table 
2(a). 
Blackgram is cultivated in India during both "Rabi" 
and "Kharif* seasons. Recently it has been cultivated in 
summer season in India. 
3.1.1 climate and soil : 
Blackgram is a warm iseason crop. The optimum tempera-
ture for better growth ranges between 25-3 0 c, but it can 
tolerate upto 42 c. It is a hardy and drought resistant 
plant, and can be grown in areas of 650 nm rain fall or 
less. It is sensitive to the cloudy weather and cannot 
tolerate frost. 
Blackgram is cultivated on a variety of soils 
ranging from light red* red loam* sandy loam* loam* 
alluvial to heavy clay but it performs better in the 
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heavier soils having good water holding capacity. 
Blackgram does not require a very good tilth of 
seed bed* a rough tilth Is sufficient. 
3 . 1 . 2 Manuring : 
Blackgrarn being a legume crop* respond wel l t o 
phosphorus. Response to added f e r t i l i z e r such as n i trogen 
and phosphorus pentaoxlde (P20c) has been varied in 
d i f f e r e n t s o i l s and i n d i f f e r e n t r e g i o n s . 
Singh and Vlrk (1965) reported very good response 
t o 60 kg PjOg/ha with or without 4O kg N/ha. Appl icat ion 
of P2O5 enhanced nodulat lon and n i trogen f i x a t i o n (sahu, 
1973) . Bes ides the phosphate, potash may a l s o be usefu l 
i n increas ing the y i e l d of t h i s p u l s e . 
3 . 1 . 3 Sowing : 
Timely sowing of pulse crop I s important for b e t t e r 
y i e l d . The sov/ing i s done in February or June or Ju ly 
and 0ctober-November, depending upon the c l i m a t i c condi-
t i o n s and types of v a r i e t y . 
Blackgram i s sown e i t h e r by broadcast ing method 
or by p lant ing in l i n e s , 30-35 cm apart behind a plough 
and smoothed by a harrow. Broadcast method i s more common 
in Bangladesh and Ind ia . 
The amount of seed required t o sow in one hectare 
of land vary according t o the p r a c t i c e of c u l t i v a t i o n . 
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whether sown as mixed crop or pure crop. It varies from 
8-18 kg/hectare, Singh and Virk (1965) reported high yield 
with high seed rate of 2 4 kg/hectare. 
3 . 1 . 4 I r r i g a t i o n : 
Blackgram i s normally not i r r i g a t e d , because i t i s 
considered t o be a hardy p lant . During 'Khari f ' , blackgram 
i s grown mainly as a ra infed crop, but for 'Rabi* sowing 
i t required i r r i g a t i o n . In summer p lant ing in north India , 
2 t o 4 i r r i g a t i o n s gave 200-250X increased y i e l d over the 
un irr iga ted contro l (s ingh and Singh, 1979; Lai and Yadav, 
1981) . 
3 . 1 . 5 Weeding and I n t e r c u l t u r e : 
Weed contro l and i n t e r c u l t u r e are very ser ious 
problems in the c u l t i v a t i o n of blackgram. Their s e v e r i t y 
i s aggrevated during "Kharif" season due to s u i t a b l e 
c o n d i t i o n s for t h e i r growth. The crop badly s u f f e r s , i f 
weeds are not checked during 30 days a f t er the sowing. 
In India mechanical operat ions such as hand weeding 
and hoeing are the common methods o£ removal of weeds from 
the f i e l d s . Beside t h i s method, the herb ic ides such as 
Alachlor and Toke-25 (Nitrofen) are used in optimum dose. 
3 . 1 . 6 Harvesting and Storage : 
The crop s t a r t s f lowering in about 45-60 days 
a f t er sowing and i s genera l l y ready for harvest ing in 
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about 3 months time depending upon the v a r i e t y and 
season* 
Harvesting i s p r a c t i s e d in d i f f e r e n t ways, but a 
common one i s p u l l out the p l a n t s , s tack them for a week 
or so for drying and threshed by beat ing with s t i c k s or 
trodden by b u l l o c k s . Harvesting i s a l s o done by picking 
the r ipen pods at d i f f e r e n t i n t e r v a l s (9-11 days) . 
The gra ins are then sun dried upto 12% moisture 
l e v e l and stored i n godown. Fumigation i s done from time 
t o time t o avoid the at tack of i n s e c t p e s t s . 
3 .2 GREENGRAM 
Greengram is widely grown in India, Pakistan, 
Bangladesh, Burma, Thailand, Philippines, China and Indo-
nesia. It is largely grown as a rainfed "Kharif" crop, 
but in some parts of South India, it is cultivated in 
the "Rabi" season also. In "Rabi" season, it is generally 
grown pure, whereas in the "Kharif season it is grown 
either pure or mixed with maize, bajra, ragi and even 
cotton. Total production and area under cultivation of 
greengram in India is given in Table 2(b). 
3.2.1 climate and Soil : 
Mungbean is a crop of the tropics and subtroplcs, 
so it requires a warm climate. It can tolerate high 
temperature, upto 40®C, but the favourable temperature 
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I s upto 30-35 C. In northern I n d i a , roungbean g i v e s h ighest 
y i e l d under summer p l a n t i n g . I t i s drought t o l e r a n t and 
can be c u l t i v a t e d in areas o£ low r a i n f a l l . 
Mungbean i s a crop that can be c u l t i v a t e d in a 
v a r i e t y of s o i l s inc lud ing sandy loam, l a t e r i t e s , a l l u v i a l 
and heavy c l a y t y p e s . Yield are bes t i n deep, wel l drained 
a l l u v i a l loams, red loams and black s o i l s . Mungbean can 
be c u l t i v a t e d in s a l i n e and a l k a l i n e s o i l s (Kay, 1979). 
3 . 2 . 2 Manuring : 
Mungbean being a legume crop , shows be t t er respond 
t o added phosphorus. I t s response t o ni trogen and potash 
i s var ied . Venugopal and Morachan (1974) reported that an 
average of 2 0 kg phosphoric a c i d / h e c t a r e i s optimian for 
good y i e l d s . 
3 . 2 . 3 Sowing ; 
Time of sowing depends on the rain fall, cropping 
pattern and soils. In the "Kharif" crop, it is sown in 
June or July, and in the "Rabi" crop in September or 
October. The late Kharif crops will yield less. 
Method of planting depends on many factors of the 
crop such as types of variety, soil and climatic condi-
tions. It is normally sown by broadcast method in most 
of the countries* As an intercrop, it is sown in rows 
varying from 20 to 45 cm in different countries such 
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Australia, India, Phi l ippines , Malyasia and Thailand. 
The seeding rate varies from 10-12 kg/hectare. The 
broadcast seed rate may be a l i t t l e more th^n in the case 
of l ine sown method. About 4-6 kg seed i s needed when 
intercropped with cerea l s , cotton e t c . Seed yields were 
higher in Iraq when broadcasting at the rate of 2 4 kg/ 
hectare (safar and Al-palahi, 1977). 
3 .2 .4 Irrigat ion : 
Mungbean is rainfed crop in most of the countries 
so it does not require irrigation. But some varieties 
respond better for irrigation, especially at the time of 
water stress. 
Aiyer (1958) reported that 1-2 irrigations gave 
higher yield, during summer cultivation, when temperature 
was high and relative humidity was low. 
For summer mungbean cultivation, it may be nece-
ssary to irrigate prior to soil preparation and sometimes 
even one light irrigation at the time of germination. 
3.2.5 Weeding and Interculture : 
For maximuun yield of mungbean it is necessary to 
control the weeds. "Kharif" crop is more affected than 
the "Rabi" crop. Mungbean yield was not affected when 
the field was kept weed free upto 5 weeks after emergence 
in wet and 3 weeks in the dry season. One or two seedings 
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may be necessary for the normal yield. Sometimes entire 
crop may be lost if timely weeding is not done. 
In India, mechanical operations are common for 
removal of weeds from the fields* Besides this, herbici-
des are also used for the control of weeds. 
3,2,6 Harvesting and Storage : 
The crop ripens in about three months time, some 
early varieties mature within 60 days. The plants are 
uprooted or cut with sickle, dried on threshing floor 
for a week or ten days, threshed by treading of bullocks 
or by beating with sticks, and winnowed with baskets. The 
seeds are stored in godown after fumigation. 
DISEASES AND INSECT PESTS 
CHAPTER • I V 
SOME COMMON DISEASES AND INSECT PESTS OF BLACKGRAM 
AND GREEWO^AM 
4 . 1 BLACKGRAM 
Blackgram is widely cultivated pulse of India, 
Pakistan. Bangladesh* Sri Lanka and Burma, it suffers 
from a number of diseases (Rangaswami. 1972; sen Gupta, 
1974; and Singh, 1981). There are number of insects also 
harmful to the crop (chhabra and Kooner, 1980). The 
diseases and insect pests decrease the yield of the 
crop. For overcoming this problem, several workers 
(Chiang et aJL. , 1978; AVRDC, 1981) had tried to develop 
disease and insect resistant forms of blackgram. some 
common diseases and insect pests of blackgram are given 
in Tables 6 and 7. 
4 . 2 GREENGRAM 
Greengram a l s o s u f f e r s from a number of d i s e a s e s . 
L i t s i n g e r ejt ajL, (1978) l i s t e d 26 i n s e c t s of mungbean 
that cause s er ious economic l o s s e s * Moreover, greengram 
i s a l s o i n f e c t e d by a number of pathogens l ike f u n g i , 
b a c t e r i a , v i r u s e s , nematodes and mycoplasma. The majority 
of the greengram d i s e a s e s are caused by f u n g i , fo l lowed 
by v i r u s e s , bac ter ia and mycoplasma (yang, 1978). 
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These diseases cause a loss in total plant yie ld. 
There are several plant s c i e n t i s t s a l l over the world 
who have been trying to evolve disease and Insect r e s i s -
tant var ie t i e s of greengrara. 
some conunon diseases and insect pests of greengram 
together with causal organisms, symptoms and their control 
measures are given in Table 8. 
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REVIEW OF LITERATURE 
CHAPTER - V 
A REVIEW OF LITERATURE 
Blackgram and greengram are the important pulse 
crops of India, srilanka, Burma and Pakistan but very 
little attention has been paid for the genetic improvement 
of these pulses in comparison to cereals and soybean. A 
review of earlier Investigations on the various aspects 
of blackgram and greengram Is presented below : 
5.1 FLORAL BIOLOGY : 
For a good plant breeder, the knowledge of floral 
biology is very important for the success of breeding 
programme. 
Narasimham (1929) for the first time reported the 
results of preliminary studies on floral biology of black-
gram as well as of greengram carried out In Godavarl district. 
Later on Bose (1932) reported the occurrence of pollina-
tion at night, beginning around 9 to lO p.m. and completed 
around midnight while the flowers were still in the bud 
stage. Flowers opened the next day morning and they remained 
in full bloom till noon. After that they began to close 
and completely closed by mid to late afternoon. The next 
morning corolla fades and shed with the least external 
disturbance, otherwise the corolla was pushed up and 
carried along by the developing pod. 
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5.2 CYTOLOGY : 
The cytology of blackgram and greengram Is poorly 
developed due to their small sizes of the chromosomes in 
comparison to cereals. Mungbean (vigna radiata (L.) wilczek) 
and blackgram (v. mungo (L.) Hepper ) have diploid chromosome 
number 2n » 22 which was confirmed by Kumar and Abraham 
(1942 a and b). Recently, Dana (1980) reported that Vigna 
radiata, Vigna radiata, var. sublobata and v. mungo have 
2n » 22 chromosomes. 
Krishnan and De (1970) studied the pachytene chromosome 
morphology ofJP. aureus and Brazilian tetraploid Phaseolus 
and reported that the pachytene idiograms for these species 
were similar to those of tomato. They also used idiograms 
of__P. aureus to study the chromosome painring of F. hybrids 
between P. aureus and P^. mungo. 
De (1976) reported few minor differences in the 
chromosomal morphology after karyotypic analysis of the 
hybrid between V. radiata and V. mungo and suggested that 
at least two chromosomes in these species were identical 
and V. mungo was evolved from V. radiata. 
Sinha and Roy (1979) reported that in all species of 
Phaseolus except ^. acutifolius, P. aconitifolius, P. coccineus 
and P. aborigineus there was a regular formation of eleven 
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bivalents. but they differed in the number of ring bivaLents 
per pollen mother cells. 
Sarbhoy (1980) studied the size of somatic chromosomes 
of Phaseolus and reported that the karyotypic differences in 
the different species have come by reduction in chromatin 
length with advancing evolution and pericentric inversion. 
Sahai and Rana (1980) studied the homology between 
the chromosomes of greengram varieties (Pusa Baisakhi and 
S-9) and blackgram varieties (Mash-48 and Pusa l). However, 
they reported that the chromosomes of both the species were 
similar with respect to their size and morphology. 
5.3 GENETICS : 
The mode of inhe r i t ance with regard t o c e r t a i n q u a l i -
t a t i v e and quan t i t a t i ve t r a i t s have been studied by several 
workers as follows s 
5 .3 .1 Qual i ta t ive , t r a i t s : 
Bose (1939) crossed a dark green seeded mungbean 
with a pale lemon yellow seeded type and obtained four 
phenotypes in the Pj generat ion i . e . dark green, green, 
greenish yellow and lemon yellow. I t was concluded tha t two 
gene p a i r s AA and BE, with independent segregation were 
respons ib le for seed coat colour . 
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Sen and Ghosh (1959) reported th ree colours for r ipe 
pods of mungbean i . e . b lack , l ight popcorn and almond b i s c u i t . 
Inher i tance of these colours were con t ro l l ed by two comple-
mentary genes, designated as ab, "a" for almond b i s c u i t and 
' I p for l igh t popcorn and black pod colour was the r e s u l t of 
two dominant a l l e l e s AbLp. Black colour was a lso dominant 
over brown pod colour in blackgram. 
Pathak and Singh (1961) repor ted pubescence of pods 
in blackgram to be monogenic and dominant over non-pubescence. 
Singh (1980) found t h a t lobed leaf m greengram was a mono-
genic dominant cha rac te r . Malhotra (1983) repor ted t h a t both 
add i t ive and non-addi t ive gene act ion were important for 
pod leng th , seed per pod and seed s ize in mungbean. The 
inher i t ance of pubescence in blackgram was con t ro l led by 
a s ingle dominant gene and the seed coat colour was cont ro l led 
by two genes. Dominant genes at both the loci have grey 
background seed colour with heavy black marbelling while 
recess ive genes at both loc i gave dul l green seed colour . 
No linkage was observed between pubescence and seed coat 
colour (Dwivedi and Singh, 1986). Singh et_ a l . (1983) 
repor ted tha t hard seedness in mungbean was governed by 
dominant s ingle gene (Hd.). 
Kaushal and Singh (1988) reported tha t disease r e s i s -
tance in urdbean t o the leaf spots caused by Coiletotriohum 
truncatum was found t o be con t ro l l ed bv single dominant 
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gene. 
ENasgupta and Das (1987) repor ted tha t both addi t ive 
and non-addit ive genet ic var iances were important for seed 
yie ld and i t s two major components, i . e . pods and seed/plant 
in blackgram. The inher i t ance of anthocyanin pigmentation 
was s tudied by yadav (1987) and i t was reported tha t the 
polymeric genes governed the anthocyanin pigmentation in 
seedl ings of mungbean. 
5.3.2 Quant i ta t ive t r a i t s : 
Singh and Singh (1971) reported the pos i t ive he t e ros i s 
over mid parent for many q u a n t i t a t i v e cha rac te r s such as 
yield and number of branches , c l u s t e r and pods, while negative 
he t e ros i s was found for seed s ize and pod length in P. 
hybrids of blackgram. 
Aggarawal and Singh (1973) s tudied the phenotypic 
t r a i t s of 3 5 v a r i e t i e s of kldneybean (Phaseolus vu lga r i s ) 
and an I n t e r - r e l a t i o n s h i p in agronomic t r a i t s l ike days to 
f lowering, days t o ma tu r i ty , pods /p lan t , pod lehgth, g r a in / 
pod, yield and lOO grain weight was s t ab l i shed . The pheno-
typ ic s t a b i l i t y in lO c u l t i v a r s of blackgram grown at f ive 
loca t ions w«s s tudied by Singh et a l . (1976) and i t was 
found t h a t the v a r i e t i e s UPU-2, L-64 and T-9 had wider 
a d a p t a b i l i t y and were s u i t a b l e for general c u l t i v a t i c « over 
a wider range of environmental condi t ions . 
40 
waldla and Lai (1981) reported t h a t 6x6 va r i e ty 
mechanical d i a l i e l of urdbean revealed the importance of 
both add i t ive and non-addit ive var iances . U G - 1 1 7 was found 
t o be best general competitor for seed yield followed by 
H70-3 and Pant U-30, The h e r i t a b i l i t y with respect t o c e r t a i n 
charac te r s were s tudied by satyan e t al_. (1982) and they 
repor ted t h a t there was high h e r i t a b i l i t y for seed weight, 
pod length and yield in the greengram. 
Waldia and Malik (1982) recorded the he t e ro t i c effect 
of seed yield over b e t t e r parents in most of the 28 hybrids 
in Urdbean. 
The inher i tance of plant hight and yield in Blackgram 
was s tudied by Radhakrishnan and Jebara j (1983) and they 
found t h a t these cha rac te r s were con t ro l l ed gene t i ca l l y and 
not by environmental f a c t o r s . 
The dominance component and the addi t ive component 
in blackgram was s tudied by Dahia and Waldia (1982) for 
seed y i e ld , pod numoer and c l u s t e r per p l an t and i t was 
concluded that the dominance component was of higher magnitude 
over the addi t ive component. 
The importance of addi t ive and non-addit ive genet ic 
var iances for the ten cha rac te r s was s tudied by Baruah and 
Panday (1983) and i t was repor ted t h a t the specif ic c ross 
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combinations for yield and i t s importance components were 
G31xUS-132 and US-132xlocal in blackgram. 
Parida and Singh (1985) reported that crosses of 
mungbean were s t a t i s t i c a l l y in fe r io r t o standard check for 
seeds per pod» lOO seed weight and y ie ld per p l an t , whereas 
v a r i e t a l c rosses were s t a t i c a l l y superior t o the check. The 
s i g n i f i c a n t inbreeding depression was observed for yield 
per p lan t and seeds per pod in a l l the wide and v a r i e t a l 
c r o s s e s , except for y ie ld per p lant in ML33 x L80, Singh 
e t . al» (1987) repor ted the combining a b i l i t y for yield 
and i t s components in blackgram v a r i e t i e s H-76-1 and 
T-9 for days to matur i ty , G-IO4 and 4-5-2 for c l u s t e r per 
p l a n t . Pant U-19 and 4-5-2 for number of pods /p lan t , T-9 
for harvest index, pant U-lQ and T-9 for grain yield and 
c l u s t e r - 1 and H76-1 for p ro te in con ten t . 
Thimmappa et al^. (1989) s tudied the combining a b i l i t y 
in greengram and repor ted t h a t sea variance was more promi-
nent for p l an t h e i g h t , days t o flower, number of c l u s t e r s / 
p lant number of seeds/pod and grain yie ld \*iile gca e f f ec t s 
was more prominent for number of branches/piant and lOO 
grain weight. 
He te ro t i c e f f ec t s of F, hybrids over t h e i r parents 
were repor ted by Singh and Pathak (1992) in Mungbean and 
they assessed the r e l a t i o n s h i p between h e t e r o s i s for yield 
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and i t s components. They a l s o found t h a t h y b r i d s could 
p rov ide an o p p o r t u n i t y for s e l e c t i n g s u p e r i o r pure l i n e s i n 
s e g r e g a t i n g g e n e r a t i o n s . 
5.4 HYBRIDIZATION : 
D^n^ (1966) c r o s s e d Phaaeo lus a u r e u s Roxb. and P_. 
munqo L. r e c i p r o c a l l y and o b t a i n e d v i a b l e seeds on ly in 
t h e P .^ au reus ^ x P.. munqo (^ combina t ion . The p o l l e n f e r t i -
l i t y i n t h e F- was 30 .7 p e r c e n t . The h y b r i d p l a n t s were weak 
and s t e r i l e . 
Krishnan and De (1968) observed t h a t t h e c r o s s e s 
between V. mungo and t e t r a p i o i d and amphid ip lo id Viqna 
s p e c i e s were s u c c e s s f u l o n l y when V. mungo was used as 
female p a r e n t . Dana (1968) r e p o r t e d t h a t t h e h y b r i d s of 
P.» mungo v a r . T-9 x t e t r a p i o i d Phaseo lus s p e c i e s c l o s e l y 
resembled t o t h e t e t r a p i o i d pa r en t due t o the dominat ing 
c h a r a c t e r s . 
Chowdhary and chowdhary (1974) , and Singh and Singh 
(1975) r e p o r t e d t h a t t h e amph id ip lo ids had v igorous vege-
t a t i v e p a r t s but r e p r o d u c t i v e p a r t s were normal ly smal le r 
and had low f e r t i l i t y i n mungbean. 
Ahn and Hartmann (1978 a and b) made c r o s s e s between 
mungbean and adzukibean (v. a n q u l a r i s (wi ld ) Ohwi and Ohashi 
and c u l t u r e d h y b r i d embryos and grew two hyb r id p l a n t s t o 
43 
matur i ty . The hybrid p lan t s exhibi ted c h a r a c t e r i s t i c s of 
the two paren ts but produced no seeds. Later on adzukigram 
was Iden t i f i ed as r i c e bean (v. umbellata (Thumb.) Ohwi 
and Ohashi) . 
Subramanian (1980) repor ted t h a t the crosses between 
V.munqo and V. r ad i a t a were successful but the hybrids did 
not germinate. However, hybrid seeds germinated when V. radi<=*ta 
wds sued as female pa ren t . These progenies were lost with 
in two genera t ions , due to high s t e r i l i t y . Satyan e t a l . 
(li^82) found the hybrid seeds only when y. r ad i a t a was used 
as the female parent and V. umbellata as male. The F, hybrid 
p l an t s were highly s t e r i l e . Singh et^  al^. (1983) made crosses 
between Viqna r ad ia t a and V. sublobata and found tha t F, 
hybrid seeds had low germination due to hard seed coa t . The 
hard seed coat character was dominant and i t was inher i t ed 
from y. sublobata. Chen et aL. (1983) repor ted tha t hybrids 
of y . r a d i a t a and V. anqu la r i s were s t e r i l e and intermediate 
between two paren t s . Gosal and Bajaj (1983) obtained hybrids 
of Viqna mungo (*?) and y. r ad ia t a ( through embryo 
cu l tu re ano found t h a t P, p l an t s were p a r t i a l l y f e r t i l e , 
l a t e maturing and intermediate between the two pa ren t s . 
Shanmugam et al^. (198 4) repor ted 8.47% to 3.88% pod 
s e t t i ng in the crossed flower of y. r a d i a t a and y. mungo 
but germination of the hybrid seeds ranged from 56-89%. In 
the F^ generat ion the re was a high percentage of aborted 
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seeds and s t e r i l e p l an t s but these were reduced in F and 
F genera t ions (shanmugam et^ al^. 1985). 
Par ida and Singh (1985) made c rosses between V. 
r a d i a t a (?) and V. r a d i a t a var . sublobata ( O ) and found 
t h a t the wide crosses were s t a t i s t i c a l l y in fe r io r t o the 
check for seeds/pod, 100 seed wei<^t and y i e ld /p l an t while 
v a r i e t a l c rosses were s i g n i f i c a n t l y superior to the check 
for seeds/pod, pods /c lus te r and c l u s t e r s and y i e l d / p l a n t . 
Yadav et_ al^. (1985) repor ted t h a t the amphidiploids of V. 
r a d i a t a and V. munqo had vigorous growth in vegeta t ive p a r t s 
but produced normally smaller reporduct ive p a r t s with fewer 
and p a r t i a l l y f i l l e d pods. 
Verma and Singh (1986) obtained 14 to 22 per cent 
survival of plant l e t s in a V. munqo x V. r ad i a t a hybrids 
following embryo c u l t u r e , than without embryo c u l t u r e . 
Egawa et^ a l . (1988) cul tured the hybrid embryos 
from crosses of P . I . 2 07655 with V. r a d i a t a . y. munqo and 
V. umbellata on an a r t i f i c i a l medium, and obtained hybrid 
p l an t s t h a t grew vigorously and flowered profusely. 
Chen et al^. (1989) made c rosses between V. r ad i a t a (L. ) 
Wilczek and v. glabrescens and i n t e r s p e c i f i c hybrids were 
generated with the aid of embryo c u l t u r e . The hybrids were 
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h i g h l y s t e r i l e upon s e l f l n g , but b a c k c r o s s l n g t o t h e 
d i p l o i d p a r e n t y i e lded v i a b l e s e e d s . 
Pande e t ad. (1990) s t u d i e d t h e F^ hyb ld of V» r a d l a t a 
v a r . T-44 and V. munqo v a r . T -y , and r e p o r t e d I n t e r m e d i a t e 
morpho log ica l c h a r a c t e r s of both p a r e n t s and low p o l l e n 
f e r t i l i t y (4 .4%). Amphldlplo lds showed h i g h e r y i e l d and 
b e t t e r n u t r i t i o n a l v a l u e . 
Karmakar et^ a_l. (1989) r e p o r t e d t h a t a u t o t e t r a p l o l d y 
of V. munqo x V. umbel la ta had 81.2% p o l l e n f e r t i l i t y and 
produced vl<3ble s e e d s . F e r t i l i t y Improved due t o more r e g u l a r 
m e l o s l s . Singh (1990) serviewed t h e wide c r o s s e s i n Viqna 
v i z . mungbean X blackgram, mungbean X V. r a d l a t a va r . 
Sub loba ta , blackgram X V. mungo v a r . s i l v e s t r i s , mungbean 
X r i c e b e a n and mothbean X V. t r i l o b a t a i n d e t a i l whi le 
o t h e r wide c r o s s e s were d e a l t i n b r i e f r e g a r d i n g t h e i r 
u t i l i t y i n crop improvement. 
5.5 INDUCTION OF POLYPLOIDY 
Blackgram and greengram a re d i p l o i d s p e c i e s . 
A u t o t e t r a p l o l d y may be Induced mungbean by t r e a t i n g a p i c a l 
buds of s e e d l i n g s p l a n t s with c o l c h i c i n e (Kumar and Abraham 
(1942 a and b ) . 
Sen and Chheda (1958) Induced p o l y p l o i d y in f i v e 
v a r i e t i e s of blackgram and r e p o r t e d t h a t seed t r e a t m e n t was 
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in e f fec t ive but seedl ing t reatment with 0.25 t o O.5 
percent coichine solut ion produced po lyp lo ids . Chowdhary 
and Chowdhary (1974) developed amplidiploid through co l ch i -
cine of the F. s t e r i l e hybrids of P^ . aureus Roxb. and P_. 
mungo var . Ml-1. The amphidiploids showed vigorous growth 
in veget<itive cha rac te r s and Pol len f e r t i l i t y . Pol len s i z e , 
pod length,seed per pod and yield per p lant increased. 
Dana (1966, 1968) developed highly seed f e r t i l e 
a l lopolyp lo ids from d i f fe ren t species hybr ids involving 
greengram and blackgram. 
Bahl and Gupta (1982) induced a u t o t e t r a p l o i d s in 
mungbean through colchic ine t r e a t e d seed l ings . These 
autopolyploids showed increase in p lan t he igh t , leaf s i z e , 
stomata s i z e , flower s ize and seed weight but pod length 
pods/ inf lorescene and seeds per pod decreased as compared 
t o the d i p l o i d s . 
Mercy and Kumar (1983), induced t e t r a p l o i d y in four 
diverse c u l t i v a r s of pea , and reported larger s ize of stomata, 
f lowers , seeds and pods width and delayed flowering and 
matur i ty while stomata frequency and pod length showed 
reduct ion . 
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5.6 MUTAGENESIS 
The work of Mullar (1927) and Stadler (1928) gave 
b i r th t o the a r t i f i c i a l induct ion of mutation. After t h a t , 
the %<ork on chemical and phys ica l mutagenesis s tar ted i n 
regular way a l l over the world* 
Both phys ica l and chemical mutagens have been used 
for the induct ion of mutation in blackgram and greengram. A 
d e t a i l survey of l i t e r a t u r e s perta in ing to work on mutagene-
s i s r evea l ed a l o t of work on phys ica l mutagenesis* 
Swarup and G i l l (1968) reported maximum frequency 
of mutation with 7 kR i r r a d i a t i o n of X-rays, The colour of 
pods and seeds were g r e a t l y a f fec ted* except t h i s severa l 
polygenic and economic characters l i k e number and s i z e of 
pods# number of seeds per pod, seed y i e l d and 100 seed 
weight were a l s o a f f e c t e d i n frenchbean. 
h/erkar (1977) s tudied the mut-^genic e f f e c t i v e n e s s 
and e f f i c i e n c y of gamma r a y s , e t h y l e methane sulphonate and 
nitrosomethyl urea i n Lathyrus sativum He had reported the 
order of mutagens ni trosomethyl Urea^Ethy l methane s u l -
E^onateNgamma rays based on e f f e c t i v e n e s s * measured by 
the frequency of mutations induced by unit dose of mutagens. 
The e f f i c i e n c y of the mutagens in M. generat ion was gamma 
rays > EMS>NMU, Both mutagenic e f f e c t i v e n e s s and e f f i c i e n c y 
were higher at lower doses of mutagens* 
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Grover and Tejpal (1979) t r e a t e d mungbean with 
dl££erent doses o£ gamma rays and raalelc hydrazide (MH) 
and s tudied the m e i o s i s . They i s o l a t e d good percentage of 
ch lorophyl l mutants and reported that t h e i r meiot ic beha-
viour was qui te i r r e g u l a r . A comparative study of induct ion 
of mutation i n mungbean with X-raygand neutron was made by 
Ganguli and Bhaduri (1980) and they reported that x-rays 
and neutrons both produced morphological abnormali t ies but 
mutation ra te was higher with neutron than X-rays. However, 
there i s report (Khan, 1981) , i n d i c a t i n g that the chlorophyl l 
mutation does not show a c o n s i s t e n t increase with dose , the 
mutation ra te increased s l i g h t l y at the lower doses of r a d i a -
t i o n . He a l s o made a comparative study (1981) of mutagenic 
e f f i c i e n c y of gamma r a y s , EMS and hydrazine hydrate (HZ) in 
mungbean and found that mutagenic e f f i c i e n c y was higher at 
the lower doses of mutagen used. Moreover, the combined 
treatment enhanced the mutation ra te and the gamma rays was 
more e f f i c i e n t than EMS and MH i n causing seed l ing injury 
and seed s t e r i l i t y . Seth e t aA. (1981) found that lower 
doses (5 and 10 )«) of i r r a d i a t i o n marginal ly increased 
germination, virile higher doses (20 and 40 kR) caused « 
dec l ine i n seed germination of mungbean. 
Bahl and Gupta (1982) reported in mungbean that 
mutants l i k e a l b l n a , c h l o r l n a , x^ntha and v lrescence 
produced by gamma rays treatment was Inher i ted by a s i n g l e 
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gene. Their report a l s o ind ica ted that combined rad ia t ion 
and chemical mutagen treatments produced higher mutation 
frequenc ies than the e i t h e r treatment a lone . 
Rao and Rao (1983) s tudied the e f f e c t of doses of 
gamma rays given to the dry seeds of viqna mungo and 
found that 20 kR treatment increased s e e d l i n g growth and 
l a t e r a l root number, %i*iile the 60 kR reduced them. I t was 
a l s o found that the lower doses induced plant h e i g h t , 
number of nodes , internodal length and y i e l d favourably, 
v ^ i l e t h e higher <^ses showed the reduction trend. 
Bandyopadhyay et^ a_l^ . (1983) s tudied the c y t o i o g i c a l 
e f f e c t s of s i n g l e treatment as wel l a s pre and post i r r a d i a -
t i o n treatment with X-rays , e t h y i methane sulphonate (EMS), 
hydroxylamine (HA) and ethylemine ( E l ) . Root t i p m i t o t i c 
s t u d i e s showed fragments, clumping, chromosome grouping at 
metaphase and ear ly s eparat ion , fragments, leggards and 
unequal separation at anaphase, o r i g i n a t i n g from most t r e a t -
ment i n both s p e c i e s P_. mungo and P^ . aureus. 
Kumar (1983) s tudied the mutagenic response of seeds 
of blackgram (v. mungo(L.) Hepper) var. T-9 haying d i f f e r e n t 
moisture content at the time of treatment . In the four 
samples of seeds adjusted at 6.17%, 3.86%, 2.43% and 1.09% 
moisture c o n t e n t s , were t r e a t e d with 0.1% EMS (8 h) and 
2 0 kR gamma rays and recorded the chlorophyl l mutation 
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frequency and c a l c u l a t e d the mutagenic e f f i c i e n c y and 
e f f e c t i v e n e s s * He found that germination percentage in M. 
generat ion varied with the change in moisture l e v e l but 
the germination % was maximum at the lowest moisture 
content in both r a d i a t i o n as well as EMS treatments . 
Singh and Yad^v (1983) induced the morphological 
v a r i a t i o n s i n l eaves of greengram by i r r a d i a t i o n and 
reported t h a t higher morphological v a r i a t i o n s were observed 
at the h ighes t doses of i r r a d i a t i o n (3 0 kR and 40 kR). 
Puri et_ al^. (1983) s tudied the e f f e c t of Thiotepa 
NMU, EMS and gamma rays i n mungbean, t h e i r r e s u l t showed 
that lower dose of gamma rays (2 0 kR) and EMS (0.1%) 
increased the germination while the chemical mutagens l ike 
NMU and Thiotepa at low concentrat ion (0,05%) proved t o 
be d r a s t i c . Gamma rays showed more ch lorophyl l d e f i c i e n t 
mutations i n comparison t o chemical mutagens. 
Joshua and Bhatia (1983) reported increased c o t y l e -
donary c e l l s i z e in induced large seeded mutants in three 
grain legumes i . e . groundnut, pegion pea and blackgram. 
Khan 1198 4) reported that gamma r a y s , EMS and 
hydrazine hydrate IHZ^ mutagens increased the phenotypic 
and genotypic c o e f f i c i e n t of var ia t i on as wel l as her i ta" 
b i l i t y and gene t i c advance i n mungbean. 
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Slnha and Himanshu (1984) s tudied the e f f e c t of 
gamma I r r a d i a t i o n on chlorophyl l metabolism In Dol lchos , 
Viqna and Phaseolus s p e c i e s . They have reported that 
ch lorophyl l content decreased at lower doses (1.25 kR, 
2.5 kR and 5 .0 kR) and Increased at higher doses (lO.O kR 
and 15.0 kR), but in D. bif lorus and P^ . lunatus i r r a d i a -
t i o n increased the ch lorophyl l content at a l l dose 
l e v e l s . 
Grover and Virk (1984) observed in mungbean 
(viqna radJata (L.) Wilczek ) that chemical mutagens 
tended t o produce more chlorophyl l mutations than gamma r a y s , 
the MNNG ( l - M e t h y l - 3 N i t r o - l - n i t r o s o g u a i d i n e ) being more 
e f f e c t i v e than EMS and combined treatment of i r r a d i a t i o n 
and chemical mutagens. 
Bhadra and Jain (1986) i s o l a t e d three kinds of 
mutants i n blackgrara induced by EMS (0.2% and 0.3%) and 
gamma rays (40 kR and 50 kR) and found that dwarf and 
compact type mutants developed from t*»o l o c i mult imutatlons. 
I^an e^ a l . ( 1 9 8 6 ) reported v iv iporous germination 
in P_. aureus Roxb var. T-44 t rea ted with 0,04% MMS. The 
seed germination, s eed l ing growth and p o l l e n f e r t i l i t y 
decreased with increas ing concentrat ion of EMS in mung-
bean v a r i e t i e s - K - 8 5 1 and T-44 (Khan and S lddiqui , 1986). 
Singh e t a l . (1987) i s o l a t e d vine mutants from 
52 
segregat ing f a m i l i e s a f t e r 2 0 KR and 10 kR + 0.25% EMS 
treatments in blackgram tViqna munqo var. T-9) . The vine 
mutant was proved t o be monogenic r e c e s s i v e t r a i t , and 
showed s l i g h t improvement in prote in content and y i e l d . 
Khan and Siddiqui (1987) observed that increas ing 
concentrat ion of d i e thy l su lphate (DES) caused the decrease 
in germination and length of s eed l ings in mungbean. The 
higher doses (0.04%, 0,06% and 0,Oe%) of DES brought 
about reduct ion in plant h e i g h t , number of pods per p i a n t , 
number of f e r t i l e branch/plant and number of l eaves /p lant 
but 0,02% concentrat ion shov«ed b e t t e r response in above 
parameters in mungbean var. PS-16 (Khan et^ a^. 1987). 
Khan et_ al .^ (1987) s tudied the e f f e c t of d i f f erent 
doses of methyl methane sulphonate (MMS) on mungbean and 
observed a reduction in the percentage of seed germination 
s u r v i v a l , s eed l ing gro%*th, and po l l en f e r t i l i t y with 
increas ing doses of MMS with the except ion of survival 
at maturi ty . 
Singh et^ aj^. (1988) observed a multiracemose 
Inf lorescence mutant of greengram (V. radiata (L,) wi lczek) 
var. T-44 , which was induced by recurrent gamma i r r a d i a -
t i o n and had higher y i e l d than the parent . A high y i e l d i n g 
dwarf mutant in V. rad ia ta was induced by Pande and 
Raghuvanshi (1988) through gamma rays i r r a d i a t i o n . 
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Ignacimuthu and Babu (1988) studied the effect of 
EMS» gamma rays and their combined treatments, on the 
seeds of v. sublobata, V. radlata var. PS-16 and V. munqo 
var. T'9. A dose dependent decrease was observed In seed 
germination, seedling height, survival and pollen ferti-
lity in M, and Mj plants. The spectrum of chlorophyll 
mutations increased with increasing doses of each mutagen. 
They also observed the sensitivity of three species of 
Vlqna to radiation in the order of V. radlata _^  V, munqo ^>. 
V. sublobata. 
Ignaumuthu and Sakthlvel (198 9) studied the effect 
of ethyl methane sulphonate (EMS) and gamma rays in 
V. radlata var. PS-16. They observed chromosomal aberra-
tions at various doses and reduction in pollen fertility 
with increase in dose treatments. There was a positive 
and significant correlation between chromosomal abnor-
mality and pollen sterility. The same trend of chromosomal 
abnormalities and pollen sterility has been observed in 
V. munqo var. T-9, v. radlata var. PS-16 and V. sublobata 
in Mj^  and Mj generation, when seeds were treated with 
EMS, gamma rays and EMS + gamma rays. 
Hassan et_ a^. (1990) studied the effect of gamma 
rays and fast neutron on pod length, grains/pod and pods/ 
plant in V. radlata (L,) Wllczek. They observed that all 
doses of radiation (10, 20, 3O, 4O, 50, 60. 7O and 80 VR 
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gamma rays, and 0.8, 1.2, 1.6, 2.0, 2.4, 2.8. 3.2 and 
3.6 kR fast neutrons) caused significant reduction in 
above parameters while lower doses had shown an obvious 
increase in the number of pods/plant. The higher doses 
especially 80 Wi of gamma rays and 3.6 KR of fast neutrons 
produced inhibitory effects. 
Vandana and Dubey (1990) observed the effect of 
EMS and DES on germination, growth, fertility and yield 
of lentil var. K-85, They found that seed germination 
and seedling growth was promoted by lower doses (0.05% 
EMS and 0.25% DES) of mutagens while higher doses (0,25% 
EMS and 0,75% DEs) had adverse effect. Moreover plant 
height, branching, number of leaves, pods and seeds as 
well as yield per plant showed varying response to 
different concentrations of mutagens. 
Tyagi and Gupta (1991) found a wide spectrum of 
macromutations by EMS treatment rather than gamma rays 
in lentil (Lens culinaris) cultivar PL-639. The segre-
gation pattern in all the mutation types suggested mono-
genic recessive control. 
Gautam et_ al^ . (1992) studied the mutagenic 
effectiveness and efficiency of gamma rays, EMS and 
their synergistic effects in blackgram var. T-9. They 
found that gamma rays were more effective than EMS and 
EMS was 2-2.5 times more efficient than gamma rays. 
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Frequency of chlorophyll mutation and viable mutations 
were progressively increased with increased in gamma rays 
and EMS doses. Synergistic effect was observed for inc-
reasing mutation frequency in Mj generation. 
Khan and Slddiqui (1992) reported the order of 
effectiveness and efficiency of EMS, MMS and SA in 
V. radiata (L.) Wilczek on the bases of M. seedling 
injury* pollen sterility and chlorophyll mutations in 
Mj generation. The order of effectiveness was MMS> SA^ 
EMS while EMS was found to be hi^^ly efficient than that 
of MMS and SA. 
Sharma and Singh (1992) studied the influence of 
moisture levels of seeds on the induction of mutations 
caused by EMS and gamma rays in mungbean. They observed 
that higher moisture level in mungbean was found more 
effective as it caused maximum reduction in M. parameters 
and induced higher frequency and enlarged spectrum of 
chlorophyll and visible mutations in Mj generation in 
comparison to lower moisture level of seeds. 
Tripathi and Dubey (1992) found that combined 
mutagenic treatments of EMS and gamma rays induced a 
higher percentage of families segregating for mutants 
than respective individual application of either 'mutagen 
in both varieties (K-333 and K-75) of lentil, but they 
did not show exact additive effects of the physical 
and chemical mutagens. Both the varieties also showed 
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higher number of mutants per thousand M2 plant induced 
by EMS than gamma rays or combined treatment of gamma 
rays and EMS. 
Edvin and Reddy (1993) reported tha t there was 
cytotoxic and mutagenic ac t ion of maleic hydrazide (MH ) 
vi^en used in higher concentrat ions* while in very low 
concentra t ion i t could be used as a growth harmone. 
MATERIALS AND METHODS 
CHAPTER - VI 
MATERIALS AND METHODS 
6.1 MATERIALS : 
The fo l lowing two v a r i e t i e s of blackgram and two 
v a r i e t i e s of Greengram were used i n the p r e s e n t s tudy with 
a view t o improve t h e y i e l d and t o develope some of t h e 
o t h e r good c h a r a c t e r s i n t h e s e economica l ly important p u l s e 
c r o p s of I n d i a . 
Blackgram v a r i e t i e s - PU-19, and T-9 
Greengram v a r i e t i e s - T-44 and P-2 
These v a r i e t i e s of p u l s e s a r e wel l adopted in the 
c o n d i t i o n of U.P. and t h e s e a r e p o p u l a r l y c u l t i v a t e d for 
d i f f e r e n t p u r p o s e s . 
The fo l lowing mutagenic chemica l s have been used 
t o i n v e s t i g a t e i t s e f f e c t on t h e seed g e r m i n a t i o n , s e e d l i n g 
growth and o t h e r a t r i b u t e s . 
1. Sodium Azide ( S A ) 
2 . E thy l Methane Sulphonate (EMS) 
3 . Male ic Hydrazide (MH) 
6.2 TREATMENT OF SEEDS WITH MUrAGENS : 
Only t h e chemical mutagens were used for i n d u c t i o n 
of m u t a t i o n . 
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6.3 PRE-TREATMENT : 
H e a l t h y s e e d s of uniform s i z e were s e l e c t e d f o r t h e 
e x p e r i m e n t . The s e e d s were soaked In d i s t i l l e d water a t 
room t e m p e r a t u r e (30 c ) f o r 8 hours p r i o r t o t h e i r t r e a t m e n t 
wi th mutagens . 
6 .4 CHEMICAL MUTAGENESIS : 
For t h i s p u r p o s e , 25 s e e d s were t a k e n and soaked In 
t h e d i s t i l l e d w a t e r . They were t r e a t e d w i t h 0. i x , 0.2%, 0.3%, 
0.4%. 0.5%, 0.6%, 0.7%, 0.8%, 0.9% & 1.0% g r a d e s of EMS, MH 
and 0.02%. 0.04%, 0.05%, 0.06%, 0.07%, 0.08%. 0.09% and 0.10% 
of sodium a z l d e f o r t h e 8 h r s at room temperature ( 3 0 ° c ) . 
I n the same manner t h e t r e a t m e n t s were g i v e n w i t h m a l e l c 
h y d r a z i d e ( M H ) . T r e a t e d s e e d s were washed t h o r o u g h l y w i t h 
d i s t i l l e d water t o remove t h e mutagen used o r t o x i c s u b s -
t a n c e s s e c r e t e d during t r e a t m e n t . For t h e purpose of c o n t r o l , 
25 s e e d s from each v a r i e t y were soaked i n d i s t i l l e d water f o r 
16 h r s . 
6 .5 SOWING : 
In the laboratory experiment, 25 seeds of each variety 
were sown in each petriplate. The cotton and petrlplates were 
also sterilized. Date as well as time of seed sowing in the 
petrlplates were noted and then petrlplates were properly 
arranged by indicating the variety name and the treatment 
given to the seeds. 
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6 . 6 WATERING OF P E T R I P L A T E S : 
The p e t r i p l a t e s were watered e v e r y 3rcl day as 
t h e proper i r r i g a t i o n I s r e l a t e d with the y i e l d . 
6 .7 STUDY OF GERMINATION : 
Blackgram and Greengram started germination one 
day after sowing and continued about six days. 
6.8 STUDY OF SEEDLING HEIGHT : 
Af ter the f i f t e e n days* t h e r o o t and shoot l e n g t h 
were measured wi th t h e h e l p o f s c a l e . 
6. 9 HEIGHT INJURY OF SEEDLINGS : 
I t was c a l c u l a t e d by t h e f o l l o w i n g formula 
X 100 H e i g h t i n j u r y (%) » "c " " t 
"c 
H = Height of control seedlings 
H. » Height of treated seedlings 
6.10 STATISTICAL ANALYSIS : 
Observations on seed germination in different 
treatments together with their control have been subjected 
to statistical analysis with a view to find out the extent 
of variation induced by the chemical matagens. The range, 
standard deviation, mean and coefficient of variability 
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and "t" value have been calculated. 
6,10. 1 Range : 
The difference between the highest and lowest figures 
In a data Is called Its range and represented as : 
R = S - H 
v*iere, R » Range 
S » Lowest f igu re 
H = Highest f igure 
6.10.2 Mean : 
It is a measure of central tendency of distribution 
and defined as the sum of all individual observations divided 
by total number of observations (Replicates). It is calculated 
on the basis of following formula. 
Mean X = — ~ 
N 
Here "N" i s the number of samples and X i s denoted sum 
of a l l the da ta . 
6.10.3 Standard Deviation (s»D. ) : 
I t i s a pos i t i ve square of average of square of 
deviat ion of a l l observat ions from t h e i r mean. 
Standard deviat ion has been ca lcu la ted with the 
help of the following formula. 
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a) S. D. for smaller sample : 
- - _ _ j 
b) S. D. for large sample or population : 
^•°* " i / (x"-Xj^ )^ + (x'-Xj)^ + + (x'-X„)^ 
Vfhere, x" = Mean of a l l observat ions 
X^, X2» X^  X^ = observat ions 
n » Number of observat ion 
Standard dev ia t ion of the population i s always l e s s 
than the standard dev ia t ion of a sample. 
6 .10 .4 Standard Error ( S . E . ) : 
I t i s a s t a t i s t i c a l constant which measures the 
d i spers ion of the sample means around the population mean 
and i s termed as SE. 
I t i s c a l c u l a t e d by fo l lowing formula. 
a) For smaller sample -
S. D. 
b) For large sample -
S.D. 
S.E. » 
n 
62 
5 .10 .5 C o e f f i c i e n t of v a r i a b i l i t y (C.V.) : 
I t measures the r e l a t i v e magnitude of v a r i a t i o n 
p r e s e n t i n o b s e r v a t i o n s r e l a t i v e t o t h e magnitude of t h e i r 
a i r t h m a t i c mean. 
The c o e f f i c i e n t of v a r i a b i l i t y , i n t e rms of pe r cen -
t a g e i s c a l c u l a t e d i n t h e fo l lowing manner. 
^ ,, {w\ ^ S tandard d e v i a t i o n of d i f f e r e n c e ^ i nn 
<^-^- ^^^ ' Mean v a l u e of d i f f e r e n c e ^ ^°° 
6 .10 .6 Tes t of s i g n i f i c a n c e - ' t ' t e s t : 
Comparison of t h e two p o p u l a t i o n s o r t h e two gene ra -
t i o n s o b t a i n e d by two t r e a t m e n t s i s done by " t " t e s t . 
„ Di f fe rence of t h e mean 
" s t a n d a r d Er ro r Devi a t ion ( S E D ) 
X, » Mean of f i r s t p o p u l a t i o n 
Xo » Mean of second p o p u l a t i o n 
SDn * Standard d e v i a t i o n of f i r s t p o p u l a t i o n 
SDj • S tandard d e v i a t i o n of second p o p u l a t i o n 
The v a l u e of " t " ( a t 5% o r 1% conf idence l e v e l ) for 
a co r r e spond ing degree of freedom i s t a k e n from t h e Tab le . 
I f t h e c a l c u l a t e d va lue of "t** i s l a r g e r t h a n t h e T a b l e - v a l u e 
t hen t h e d i f f e r e n c e s between t h e two t r e a t m e n t s (two samples 
of t h e two p o p u l a t i o n s ) a r e t a k e n as s i g n i f i c a n t . 
OBSERVATIONS 
CHAPTCR - VII 
OBSERVATIONS 
I n t h e p r e s e n t i n v e s t i g a t i o n , t h e e f f e c t of c h e m i c a l 
mutagens ( E t h y l methane s u l p h o n a t e , sodiixn a z i d e and m a l e i c 
h y d r a z i d e ) h a s been s t u d i e d on t h e blackgram ( v a r s . T-9 and 
PU-19) and greengram ( v a r s . T - 4 4 and P - 2 ) . I n t h i s e x p e r i m e n t . 
p e r c e n t a g e o f s e e d g e r m i n a t i o n , 1*0^0 d o s e , s e e d l i n g i n j u r i e s 
and s e e d l i n g growth parameters have been s t u d i e d i n M^  
g e n e r a t i o n . 
7 . 1 PERCENTASE OF SEED GaSRMINATION : 
The p r e l i m i n a r y exper iment i n B.O.D. i n c u b a t o r 
(27+ 2°c ) showed a s i g n i f i c a n t e f f e c t o f c h e m i c a l mutagens 
on t h e s e e d g e r m i n a t i o n , >^ich s t a r t e d n e x t day o f t h e 
sowing i n t h e c o n t r o l p e t r i p l a t e s of t h e f o u r v a r i e t i e s . 
Hot«ever, t h e t r e a t e d s e e d s showed d e l a y i n gernninat ion w i t h 
t h e i n c r e a s i n g c o n c e n t r a t i o n of mutagens . 
7 . 1 . 1 Blackqraro Var. T~9 : 
I t was o b s e r v e d t h a t t h e r e was a d e c r e a s i n g p a t t e r n 
i n s e e d g e r m i n a t i o n i n Var. T-9 t r e a t e d w i t h d i f f e r e n t 
c o n c e n t r a t i o n s (0 .1% t o 1.0%) o f EMS. A c o r r e l a t i o n between 
s e e d g e r m i n a t i o n (%) and i n c r e a s e i n c o n c e n t r a t i o n of c h e m i c a l 
i s e s t a b l i s h e d . The p e r c e n t a g e of s e e d g e r m i n a t i o n d e c r e a s e d 
w i t h i n c r e a s i n g c o n c e n t r a t i o n o f EMS. The maximum g e r m i n a t i o n 
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(88%) was obtained i n 0,1% treatment , while minimum 
germination (8%) was found in seeds t r e a t e d with 0.8% 
concentrat ion of EMS (Table 9 ) , 
A s i m i l a r response of var . T-9 was found with sodium 
az ide . The maximum seed germination (88%) was found in 0.1% 
treatment* \ ^ i l e seed germination was minimum (12%) i n 0.i% 
concentrat ion of sodium azide (Table 11). 
Maleic hydrazide was found t o be l e s s e f f e c t i v e than 
EMS and SA. I t was observed that 0,1% and 0.2% concentrat ions 
of Hi gave maximum seed germination (80%) and higher concen-
t r a t i o n (1.0%) of Mi gave minimum (10%) seed germination 
(Table 13 ) . 
7 .1 .2 Blackgrara Var. PU-19 t 
The percentage of seed germination in Var. PU-19 
decreased with increas ing concentrat ions of EMS and SA. 
I t was found that seed germination (8%) was found in higher 
concentrat ions (0.8% and 0.9%) of EMS (Table 9 ) . 
The sodium aaide t r e a t e d seeds of var . PU-19 produced 
the s imi lar r e s u l t as EMS. Here a l s o the percentage of seed 
germination was decreased with the i n c r e a s i n g concnetrat ion 
of SA. The seed germination was maximum (88%) i n 0.01% 
concentrat ion of SA while i t was minimum (12%) in 0,1% 
sodium az ide (Table 11). In case of maleic hydrazide treatment 
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i t was found that lower concentrat ion of MH (0.1%) gave 
maximum seed germination (95%) v^ i l e minimum seed germi-
nation (10%) was found in seeds t r e a t e d with h igher concen-
t r a t i o n (1,0%) of maleic hydrazide (Table 1 3 ) . 
7 ,1 .3 Greenqram Var. T-44 : 
The maximum seed germination (95%) was found with 
0,1% EMS v ^ i l e minimum seed germination (5%) was obtained 
with 0.9% EMS, This showed a decreasing p a t t e r n of seed 
germination with increas ing concentrat ion of EMS (Table lO). 
The e f f e c t of sodium az ide was a l s o s i m i l a r as that of 
EMS. Maximum seed germination (90%) was observed in 0.01% 
sodium azide v ^ i l e the minimum seed germination (5%) was 
observed i n 0.1% SA t r e a t e d seeds (Table 12). 
In case of maleic hydrazide t reatment , the maximum 
seed germination (90%) was found with 0.1% f^^ , while h igher 
concentrat ion (1.0%) of t h i s chemical r e s u l t e d i n minimum 
seed germination (15%). Here a l s o a decreas ing pat tern of 
seed germination was observed with Increas ing concentrat ion 
of mutagen (Table 1 4 ) , 
7 . 1 . 4 Greenqram var. P-2 : 
This variety of mungbean showed similar response to 
the EMS, SA and m as Var. T-44, The maximum seed germination 
(9e%) was found with 0.1% EMS and minimum seed germination 
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(8%) w i th 1.0% EMS {Table ]D). 
I n c a s e of SA, maximum s e e d g e r m i n a t i o n (90%) was 
o b s e r v e d i n s e e d s t r e a t e d w i th 0,01% and minimum (10%) wi th 
0.1% c o n c e n t r a t i o n of sodium a z i d e (Table 12) . I n c a s e of m a l e i c 
h y d r a z i d e , s e e d s t r e a t e d w i t h 0,1% c o n c e n t r a t i o n showed 95% 
g e r m i n a t i o n v ^ i l e g e r m i n a t i o n was o n l y 15% s e e d s t r e a t e d 
w i th 1.0% c o n c e n t r a t i o n of m a l e i c h y d r a z i d e (Table 1 4 ) . 
7 . 2 LP Q DOSE : 
I«D-Q dose of t h e c h e m i c a l mutagens (EMS, SA and ^fi) 
f o r blackgram v a r . T-9 and PU-19 and greengram Var. T-44 
and P-2 have been c a l c u l a t e d on the b a s i s o f g e r m i n a t i o n 
curve o b t a i n e d by p l o t t i n g g e r m i n a t i o n p e r c e n t a g e a g a i n s t the 
c o n c e n t r a t i o n of t h e a u t a g e n ( P i g s . 1 t o 1 2 ) , 
liDcg d o s e s f o r d i f f e r e n t v a r i e t i e s o f blackgram and 
greengram v a r i e d f o r d i f f e r e n t mutagens . For t h e EMS, LDCQ 
dose of a l l f o u r v a r i e t i e s ( T - 9 , PU-19 , T - 4 4 and P - 2 ) were 
found t o be 0.42%, 0,48%, 0,46% and 0,48% r e s p e c t i v e l y 
( F i g s 1 t o 4 ) , where as i n c a s e of sodium a z i d e , U^CQ 
d o s e s were 0 , 0 5 5 , , 0 5 3 , O.O5O and .053 p e r c e n t f o r T - 9 , 
PU-19 , T-44 and P-2 v a r i e t i e s r e s p e c t i v e l y ( F i g s 9 t o 1 2 ) . 
7 .3 SEEDLING INJURIES : 
The seedling injuries in the four varieties (T-9, 
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Table ^ \ Effect of EMS on seed germination and inhibition in 
Mj^  generation of blackgram varieties T-9 and PU-19. 
X 1 . « a v i nent 
Control 
0.1% 
0.2% 
0.3% 
0.4% 
0.5% 
0.6% 
0.7% 
0.8% 
0.9% 
l . C ^ 
EMS 
H 
M 
H 
H 
N 
N 
It 
M 
*• 
-ysr: 
Germination 
% 
9 6 
8 8 
7 6 
68 
52 
40 
2 4 
12 
8 
-
-
• 
f-y 
I n h i b i t i o n 
% 
-
8 . 3 3 
2 0 . 8 3 
2 7 . 0 8 
4 5 . 8 3 
5 8 . 3 3 
7 5 . 0 0 
8 7 . 5 0 
9 1 . 1 6 
-
-
var. 
Germination 
% 
98 
9 6 
88 
7 6 
64 
48 
3 6 
2 4 
8 
8 
-
PU-19 
I n h i b i t i o n 
% 
-
2 . 0 4 
1 0 . 2 0 
2 2 . 4 5 
3 4 . 6 9 
5 1 . 0 2 
6 3 . 2 6 
7 5 . 5 1 
9 1 . 8 3 
9 1 . 8 3 
-
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Table 10X Ef fec t of EMS on seed germination c :' i n h i b i t i o n In 
Mj^  generation of greengrara v a r i e t i e s T-44 and P - 2 . 
Treatment ^ ^ - "^ "^ ^ var,JP^2 
Germination I n h i b i t i o n Germination I n h i b i t i o n 
% % % % 
Control 
0 .1% 
0.2% 
0 .3X 
0.4% 
0.5% 
0.6% 
0.7% 
0.8% 
0.9% 
1.0% 
EMS 
M 
H 
N 
N 
M 
H 
N 
M 
M 
97 
95 
9 0 
75 
65 
5 0 
4 0 . 
25 
15 
5 
— 
~ 
2 . 0 6 
7 . 2 1 
2 2 . 6 8 
3 2 . 9 9 
4 8 . 4 5 
5 8 . 7 6 
7 4 . 2 2 
8 4 . 5 3 
9 4 . 8 4 
— 
98 
9 6 
8 8 
7 6 
6 0 
48 
40 
28 
16 
8 
-
— 
2 . 0 4 
1 0 . 2 0 
2 2 . 4 5 
3 8 . 7 7 
5 1 . 0 2 
5 9 . 1 8 
7 1 . 4 3 
8 3 . 6 7 
9 1 , 8 3 
-
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Table lis E££ect ot SA on seed germination and inhibition in 
Mj^  germination of blackgram varieties T-9 and PU-19. 
Treatment 
Contro l 
O.Oix 
0.02% 
0.03X 
0.04% 
0.05% 
o.oex 
0.07% 
0.08% 
0.09X 
O.IOK 
v a r . 
Germinat ion 
% 
97 
88 
8 0 
72 
60 
48 
40 
36 
28 
24 
12 
T - 9 
I n h i b i t i o n 
% 
-
9 .28 
17 .52 
2 5 . 7 7 
3 8 . 1 4 
5 0 . 5 1 
5 8 . 7 6 
62 .88 
7 1 . 1 3 
7 5 . 2 5 
8 7 . 6 3 
var 
Germinat ion 
% 
94 
88 
8 4 
68 
64 
52 
40 
32 
28 
2 0 
12 
•. PU-19 
I n h i b i t i o n 
% 
-
8 . 5 1 
1 0 . 6 4 
2 7 . 6 6 
3 1 . 9 1 
4 4 . 6 8 
5 7 . 4 4 
6 5 . 9 6 
7 0 . 2 1 
7 8 . 7 2 
8 7 . 2 3 
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Tabl« 12: £££«ct o£ SA .on seed germination and i n h i b i t i o n ir 
M- generat ion of greengrara v a r i e t i e s T-44 and P - 2 , 
Treatment 
Control 
0,01% 
0.02% 
0.03% 
0.04% 
0.05% 
0.06% 
0.07% 
0.08% 
0.09% 
0.10% 
Var, 
Germination 
% 
95 
90 
8 0 
75 
6 0 , 
45 
40 
30 
20 
15 
5 
. T-44 
I n h i b i t i o n 
-
5.26 
15.79 
21.05 
36 .84 
52.63 
57.89 
68.42 
78.94 
84 .21 
94.73 
var, 
Oermination 
X 
95 
90 
85 
70 
55 . 
45 
35 
30 
25 
15 
1 0 
, P-2 
I n h i b i t i o n 
% 
-
5.26 
10.52 
26.31 
42.10 
52.63 
63.16 
68.42 
73.68 
84 .21 
89.47 
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Table ^3 J Ef f ec t of Maleiu nyjbi:*2ide on seed germination 
and i n h i b i t i o n df M. generation in blaclcgram 
v a r i e t i e s T-9 and P13-19. 
Treatment 
Contro l 
O.lX MH 
0.2% MH 
0.3% MH 
0.4X MH 
0,5% MH 
0.6% MH 
0.7% MH 
0.8% MH 
0.9% MH 
l . C ^ MH 
var. 
Germinat ion 
% 
90 
80 
8 0 
65 
50 
45 
40 
35 
25 
2 0 
10 
T-9 
I n h i b i t i o n 
% 
-
11.11 
11.11 
27.78 
44.44 
50.00 
55.55 
61.11 
72.22 
77.78 
88 .89 
var. 
Germination 
% 
95 
95 
90 
75 
65 
50 
40 
35 
25 
15 
10 
. PU-19 
I n h i b i t i o n 
% 
-
-
5.26 
21.05 
31.57 
47.36 
57.89 
63.15 
73.68 
8 4 . 2 1 
89 .47 
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Table ^4 . Ef fec t of Malelc Hydraaide on seed gerttdnatlon 
and i n h i b i t i a i of M, generat ion greengram v a r i e t i e s 
T-44 and P - 2 . 
1L ea^inenv 
Contro l 
0. IX MH 
0.2% MH 
0.3X MH 
0.4X MH 
0.5% MH 
0.6% MH 
0.7% MH 
0.8% MH 
0.9% MH 
1.0% MH 
var 
Germinat ion 
% 
95 
90 
90 
75 
65 
55 
50 
40 
35 
25 
15 
. T-44 
I n h i b i t i o n 
% 
-
5.26 
5.26 
21.05 
31.57 
42.10 
47.36 
57.89 
63.15 
73.68 
84 .21 
var. 
Germination 
% 
90 
95 
90 
85 
70 
50 
45 
35 
30 
25 
15 
. P-2 
I n h i b i t i o n 
% 
-
-5 .55 
-
5.55 
22.22 
44.44 
50.00 
61.11 
66.66 
72.22 
83.33 
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F i g . 4. LD_Q dose of EMS for t h e v a r i e t y F-2 of Greengram 
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PU-19, T-44 and P-2 ) c a u s e d by d i f f e r e n t mutagens were 
c a l c u l a t e d i n terms of h e i g h t r e d u c t i o n i n roo t and shoot 
and compared w i th t h e l e n g t h of rt>ot and shoot i n c o n t r o l 
s e e d l i n g s ( F i g s . 13 t o 1 8 ) . 
7 . 3 . 1 Root i n j u r y : 
The p e r c e n t a g e of r o o t i n j u r y was found t o I n c r e a s e 
wi th i n c r e a s i n g c o n c e n t r a t i o n s of mutagens f o r a l l t h e f o u r 
v a r i e t i e s e x c e p t m a l e i c h y d r a z i d e , where 0 . 1 and 0,2% 
c o n c e n t r a t i o n s enhanced t h e growth of s e e d l i n g s i n a l l 
v a r i e t i e s . The maximum r o o t i n j u r y (65*84%) was found i n 
v a r . PU-19 w i t h 0.4% EMS and minimum r o o t i n j u r y (13.22%) 
was o b s e r v e d i n 0,1% EMS t r e a t m e n t . I n c a s e o f SA, maximum 
r o o t i n j u r y (62.39%) was c a u s e d by 0.04% SA i n Var. T-9 
w h i l e minimum r o o t i n j u r y (3 7,05%) was found w i t h 0.01% 
c o n c e n t r a t i o n o f SA i n t h e same v a r i e t y ( T a b l e s 15 t o 2 0 ) 
7 . 3 . 2 Shoot i n j u r y : 
The maximum shoot i n j u r y (81,42%) was o b s e r v e d i n 
Var. T-44 t r e a t e d w i t h 0,4% EMS, however minimum A o o t 
i n j u r y (9,94%) was found i n v a r . PU-19 t r e a t e d w i t h 0 .1% 
EMS (Table 15 t o 2 0 ) . 
7 . 4 SEEDLING GROWTH : 
The growth of c o n t r o l a s w e l l a s t r e a t e d s e e d l i n g 
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was studied after ten days n,- sowing. The length of root 
and shoot of ten randomely selected seedlings from control 
as well as treated population was measured and data is 
presented in Tables 15 to 20. 
7 . 4 . 1 Root length : 
Soot length was found t o be decreased with i n c r e a s i n g 
concentrat ions of EMS, SA and MH i n a l l the v a r i e t i e s of 
blackgram and greengram ( T - 9 , P U - 1 9 , T - 4 4 and P-2) , but 
treatment with maleic hydrazide showed a d i f f e r e n t trend of 
i t s ac t ion with c e r t a i n concentrat ion . The maximum root 
length was observed in var. T-44 t r e a t e d with 0.1% MH and 
minimum root length (2.03 cm) was found i n var . P-2 with 
0,4% f« . The maximum root length (3.23 cm) was found in 
v a r i e t y T-9 t r e a t e d with 0,1% EMS >*iile minimum root length 
(1 ,66 cm) was found with 0,4% concentrat ion i n t h e same 
v a r i e t y (Tables 15 t o 2 0 ) . 
7 .4 .2 Shoot length : 
The length of shoot was r e g u l a r l y decreased i n d i f f e r e n t 
v a r i e t i e s of blackgram and greengram with i n c r e a s i n g concen-
t r a t i o n of mutagens.However, maleic hydrazide at lower 
concentrat ions ( 0 , 1 and 0.2%) enhanced the s e e d l i n g growth 
(Tables 19 and 2 0 ) . The maximum shoot length was found in 
var. T-44 with 0,2% MH and minimum shoot l ength (7 .56 cm) 
was seen in blackgram var. PU-19 at 0.4% male i c hydrazide . 
The e f f e c t s of d i f f e r e n t concentrat ions of mutagens are 
presented i n Tables 15 t o 20. 
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Table 15 : E f f ec t of EMS on s e e d l i n g growth of Mj^  g e n e r a t i o n in 
Viqna munqo(L» ) Fiepi-'«=i. Vaii . T-^ and PU-19. 
V a r i e t y 
1 
Treatment 
2 
Root Length 
Range(cm) 
3 
(Mean+SD) 
4 
CV% 
5 
Root 
in jury(%) 
6 
T-9 
PU-19 
C o n t r o l 
0.1% 
0.2% 
0.3% 
0.4% 
C o n t r o l 
0.1% 
0.2% 
0.3% 
0.4% 
2 . 8 - 4 . 7 
2 . 1 -4 .2 
1 . 8 - 3 . 7 
1 . 3 - 2 . 8 
0 . 8 - 2 . 9 
2 . 7 - 4 . 4 
2 . 3 - 3 . 8 
1 . 3 - 3 . 1 
0 . 8 - 2 . 7 
0 . 8 - 1 . 8 
3 . 7 6 + 0 . 5 9 
3 . 2 3 + 0 . 6 2 
2 . 9 0 + 0 . 6 7 
2 . 1 4 + 0 . 5 0 
1 . 6 6 + 0 . 7 0 
3 . 6 3 + 0 , 6 7 
3 . 15+0 .44 
2 . 6 5 + 0 . 5 2 
1 . 7 3 + 0 . 5 7 
1 . 2 4 + 0 . 3 5 
1 5 . 6 9 
1 9 . 1 9 
2 3 . 1 0 
2 3 . 3 6 
4 2 . 1 6 
1 8 . 4 5 
1 3 . 9 6 
1 9 . 6 2 
3 2 . 9 4 
2 8 . 2 2 
-
14. 09 
3 3 . 15 
43 . 08 
5 5 . 8 5 
-
13 .22 
2 6 . 9 9 
5 2 . 3 4 
6 5 . 8 4 
Shoot l e n g t h 
Range(cm) 
7 
(Mean+SD) 
8 
• cv% 
9 
Shoot 
i n j u r y 
(%) 
10 
T o t a l 
l e n g t h 
(Mean+SD ) 
11 
r o t a l s e e d -
l i n g i n j u r y 
12 
9 . 8 - 1 4 . 7 
8 . 1 - 1 2 . 2 
6 . 9 - 9 . 4 
5 . 7 - 9 . 1 
2 . 9 - 6 . 1 
8 . 8 - 1 4 . 1 
8 . 5 - 1 2 . 4 
6 . 5 - 1 1 . 2 
4 . 9 - 8 . 4 
3 . 7 - 7 . 1 
1 2 . 3 1 + 1 . 4 8 
1 0 . 1 7 + 1 . 2 6 
8 . 3 1 + 0 . 7 8 
7. 04+1 .04 
4 . 2 6 + 1 . 1 2 
1 1 . 4 6 + 1 . 7 5 
1 0 . 3 2 + 1 . 2 8 
9 . 2 5 + 1 . 5 2 
6 .2 5+1.13 
5 . 3 3 + 0 . 9 6 
12 .02 
12 .38 
9 .38 
14 .77 
2 6 . 2 9 
15 .27 
1 2 . 4 0 
16 .43 
18 .08 
1 8 . 0 1 
-
1 7 . 3 8 
3 2 . 4 9 
4 2 . 8 1 
6 5 . 3 9 
-
9 . 9 4 
19 .28 
45. 46 
5 3 . 4 9 
1 6 . 0 7 + 2 . 0 7 
1 3 . 4 0 + 1 . 8 8 
1 1 . 2 1 + 1 . 4 5 
9 . 1 8 + 1 . 5 4 
5 . 9 2 + 1 . 8 2 
1 5 , 0 9 + 2 . 4 2 
1 3 . 4 7 + 1 . 7 2 
1 1 . 9 0 + 2 . 0 4 
7 . 9 8 + 1 . 7 0 
6 . 5 7 + 1 . 3 1 
-
1 6 . 6 1 
3 0 . 2 4 
4 2 . 8 7 
6 3 . 1 6 
-
10 .73 
2 1 . 1 3 
4 7 . 1 1 
56. 46 
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l a b i a 16 ; Zf fac t of £MS on s33dlinQ growth of M g a n e r a t i o n in 
Vigna r a d i a t a (L.) Wilczak Var. T-44 and P - 2 . 
._ . .__ 
V a r i e t y 
1 
T r e a t m e n t 
2 
Roo t l e n g t h 
Range(cm) 
3 
>i3an+3D) 
4 
cv % 
5 
Root 
I n j u r y ( % ) 
6 
T-44 
N 
M 
N 
M 
P - 2 
M 
M 
H 
l« 
C o n t r o l 
0 . 1 % 
0 .2% 
0 . 3 % 
0.4% 
c o n t r o l 
0 . 1 % 
0 .2% 
0 . 3 % 
0.4% 
1 . 5 - 2 . 5 
1 . 0 - 2 . 5 
0 . 8 - 2 . 0 
0 . 6 - 1 . 6 
0 . 5 - 1 . 3 
1 . 8 - 2 . 9 
1 . 8 - 2 . 7 
1 . 4 - 2 . 3 
0 . 9 - 1 . 7 
0 . 7 - 1 . 6 
2 . 1 3 + 0 . 3 3 
1 .77+0 .50 
1 .51+0 .37 
1 . 1 1 + 0 . 3 8 
0 . 7 6 ^ 0 . 2 5 
2.4 2+0 .36 
2 . 1 9 + 0 . 2 9 
1 .79+0.24 
1 .36+0 .26 
1 .13+0 .27 
1 5 . 4 9 
28 .24 
2 4 . 5 0 
3 4 . 2 3 
32 .89 
14 .87 
13 .24 
1 3 . 4 0 
1 9 . 1 1 
2 3 . 8 9 
-
1 6 . 9 0 
2 9 . 1 0 
4 7 . 8 8 
6 4 . 3 1 
-
9 . 5 0 
2 6 . 0 3 
4 2 . 1 4 
5 3 . 3 0 
S h o o t l e n g t h 
Rang(cm) 
7 
(M3an+SD) 
8 
CV % 
9 
S h o o t 
i n j u r y 
(%) 
10 
T o t a l 
l e n g t h 
(Mean+SD) 
11 
T o t a l s e e d -
l i n g i n j u r y 
(%) 
12 
1 0 . 2 - 1 4 . 0 
8 . 0 - 1 2 . 0 
5 . 2 - 8 . 4 
1 . 9 - 5 . 3 
1 . 3 - 2 . 9 
9 . 5 - 1 2 . 5 
8 . 0 - 1 1 . 3 
6 . 3 - 8 . 8 
4 . 9 - 7 . 3 
2 . 8 - 5 . 1 
1 1 . 7 9 + 1 . 1 3 
1 0 . 1 0 + 1 . 2 7 
6 . 7 7 + 0 . 9 6 
3 . 0 8 + 1 . 0 2 
2 . 1 0 + 0 . 5 6 
1 0 . 8 9 + 1 . 0 4 
9 . 3 8 + 0 . 9 7 
7 . 7 7 + 0 . 9 2 
6 . 0 5 + 0 . 8 9 
4 . 1 2 + 0 . 6 4 
9 . 5 8 
1 2 . 5 7 
1 4 . 1 8 
3 3 . 1 1 
2 6 . 6 6 
9 . 5 5 
1 0 . 3 4 
1 1 . 8 4 
1 4 . 7 1 
1 5 . 5 3 
-
1 4 . 3 3 
4 2 , 5 7 
7 3 . 8 7 
8 1 . 4 2 
-
1 3 . 8 6 
2 8 . 6 5 
4 4 . 4 4 
6 2 . 1 6 
1 3 . 9 2 + 1 . 4 6 
1 1 . 8 7 + 1 . 7 7 
8 . 2 8 + 1 . 3 3 
4 . 1 9 + 1 . 4 0 
2 . 8 6 + 0 , 8 1 
1 3 . 3 1 + 1 . 4 0 
1 1 . 5 7 + 1 . 2 6 
9 . 5 6 + 1 . 1 6 
7 . 4 1 + 1 . 1 5 
5 . 2 5 + 0 . 9 1 
-
1 4 . 7 2 
4 0 . 5 1 
6 9 . 8 9 
7 9 . 4 5 
-
1 3 . 0 7 
2 8 . 1 7 
4 4 . 3 2 
6 0 . 5 5 
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T a o l e 17 ; ZLtect of SA or. s e 2 d l i n g growth of -'^ g e n e r a t i o n i n 
Vlgna inungo (L .} Happar V a r . 1-9 ^:1'P'J-19, 
V a r i e t y 
1 
T r e a t m e n t 
2 
' • ' • - ' - • 1 
R o o t l a n g t h 
R a n g e ( c m ) 
3 
(Me a n + 3 D ) 
4 
CV % 
5 
R o o t 
i n j u r y(%) 
6 
T - 9 
PU-19 
C o n t r o l 
0 . 0 1 % 
0 . 0 2 % 
0 . 0 3% 
0 . 0 4 % 
C o n t r o l 
0 . 0 1 % 
0 . 0 2 % 
0 . 0 3% 
0 . 0 4 % 
2 . 3 - 4 . 8 
1 . 8 - 2 . 9 
1 . 4 - 2 . 6 
1 . 2 - 2 . 1 
1 . 0 - 2 . 1 
3 . 3 - 4 . 4 
2 . 4 - 3 . 7 
1 . 7 - 2 . 9 
1 . 0 - 2 . 4 
1 . 0 - 1 . 8 
3 . 6 7 + 0 . 8 4 
2 . 3 1 + 0 . 3 8 
1 . 8 5 + 0 . 3 3 
1 . 5 5 + 0 . 2 6 
1 . 3 8 + 0 . 2 9 
3 . 7 3 + 0 . 3 2 
2 . 9 1 + 0 . 4 3 
2 . 3 3 ^ 0 . 4 0 
1 . 7 2 + 0 . 4 5 
1 . 4 4 + 0 . 2 1 
2 2 . 8 8 
1 6 . 4 5 
1 7 . 8 3 
1 6 . 7 7 
21 . 0 1 
8 . 5 7 
1 4 . 7 7 
1 7 . 1 6 
2 6 . 1 6 
1 4 . 5 8 
-
3 7 . 0 5 
4 9 . 5 9 
5 7 . 7 6 
6 2 . 3 9 
-
2 1 . 9 8 
3 7 . 5 3 
5 3 . 8 8 
6 1 . 3 9 
S h o o t l e n g t h 
R a n g e (cni) 
7 
(Mean+SD) 
8 
CV % 
9 
S h o o t 
i n j u r y 
(%) 
10 
T o t a l 
l e n g t h 
(Mean+SD) 
11 
T o t a l 
S e e d l i n g 
i n j u r y ( % ) 
12 
1 1 . 2 - 1 5 . 2 
8 . 7 - 1 2 . 3 
6 . 9 - 1 1 . 2 
5 . 3 - 8 . 7 
4 . 3 - 8 . 3 
1 2 . 6 - 1 6 . 3 
8 . 1 - 1 2 . 3 
7 . 3 - 1 3 . 1 
4 . 3 - 9 . 4 
3 . 7 - 8 . 2 
1 3 . 2 9 + 1 . 2 1 
1 0 . 5 8 + 1 . 0 6 
8 . 6 4 + 1 . 3 3 
7 . 0 7 + 1 . 1 0 
6 . 1 5 + . 1 . 2 0 
1 4 . 0 0 + 1 . 1 1 
1 0 . 7 4 + 1 . 3 0 
9 . 9 5 + 1 . 7 7 
6 . 8 2 + 1 . 4 6 
6 , 5 1 + 1 . 2 6 
9 . 1 0 
1 0 , 0 1 
1 5 . 3 9 
1 5 . 5 5 
1 9 . 5 1 
7 , 9 2 
1 2 . 1 0 
1 7 , 7 8 
2 1 . 4 0 
1 9 . 3 5 
-
2 0 . 3 9 
3 4 . 9 8 
4 6 . 8 0 
5 3 . 7 2 
-
2 3 . 2 8 
2 6 . 9 2 
5 1 . 2 8 
5 3 . 5 0 
1 6 . 9 6 + 2 . 0 5 
1 2 . 8 9 + 1 . 4 4 
1 0 . 4 9 + 1 . 6 6 
8 . 6 2 + 1 . 3 6 
7 . 5 3 + 1 . 4 9 
1 7 . 7 3 + 1 . 4 3 
1 3 . 6 5 + 1 . 7 3 
1 2 . 2 8 + 2 . 1 7 
8 . 5 4 + 1 . 9 1 
7 . 9 5 + 1 . 4 7 
-
2 3 . 9 9 
3 8 . 1 4 
4 9 . 2 9 
5 5 . 6 0 
-
2 3 . 0 1 
3 0 . 7 3 
5 1 . 8 3 
5 5 . 1 6 
ACC No. ^ V 
n- r Tbif?: 
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Table IS : Ef fec t of SA on seed l ing growth of M, generat ion 
in vigna radia ta (L. ) wi lczek. var . T-44 and P - 2 . 
v a r i e t y 
1 
Treatment | 1 
2 
Root l e n g t h 
Range (cm) (Mean+SD) 
3 4 
- , -
cv % 
5 
Root 
in jury (? 
6 
T-44 
H 
t« 
H 
I* 
P - 2 
u 
M 
M 
II 
c o n t r o l 
0.01% 
0.02% 
0.03% 
0.04% 
c o n t r o l 
0.01% 
0.02% 
0. 03% 
0.04% 
1 , 5 - 2 . 5 
1 . 4 - 2 . 3 
0 . 9 - 2 . 6 
1 . 2 - 2 . 1 
1 . 3 - 2 . 5 
2 . 2 - 3 . 8 
2 . 3 - 3 . 2 
1 . 8 - 2 . 9 
1 . 3 - 2 . 5 
0 . 7 - 1 . 7 
2 . 1 3 + 0 . 3 3 
2 . 0 3 + 0 . 2 5 
1 . 8 3 + 0 . 6 0 
1 .79+0 .33 
1 .74+0 .43 
3 . 0 6 + 0 . 5 4 
2 . 7 3 + 0 . 2 8 
2 . 3 6+0.42 
1 . 8 6 + 0 . 3 9 
1 , 2 7 + 0 , 3 0 
1 5 . 4 9 
1 2 . 3 1 
3 2 . 7 8 
18 .43 
2 4 , 7 1 
1 7 . 6 4 
1 0 . 2 5 
1 7 . 7 9 
2 0 . 9 6 
2 3 . 6 2 
-
4 , 6 9 
1 4 . 0 8 
1 5 . 9 6 
2 3 . 0 0 
-
1 0 . 7 8 
2 2 . 8 7 
3 9 . 2 1 
5 8 . 4 9 
Shoot l e n g t h 
Range (cm) 
CV % 
(Mean+SD) 
Shoot 
i n j u r y 
(%) 
Tota l l ength 
(Mean + SD) 
Tota l seed-
l i n g injury 
(%) 
8 10 11 12 
1 0 . 2 - 1 4 . 0 
8 . 0 - 1 1 . 2 
5 . 5 - 1 0 . 2 
6 . 4 - 1 0 . 7 
6 . 3 - 1 0 . 4 
8 . 4 - 1 4 . 2 
8 . 2 - 1 2 . 3 
6 . 2 - 1 0 . 6 
5 . 1 - 9 . 2 
3 . 1 - 7 . 1 
1 1 . 7 9 + 1 . 1 3 
1 0 . 2 0 + 0 . 9 1 
8 . 5 6 + 1 . 4 6 
8 . 4 2 + 1 . 5 9 
8 . 2 9 + 1 . 1 5 
1 1 . 2 7 + 1 . 7 5 
1 0 . 1 2 + 1 . 2 9 
8 . 1 7 + 1 . 2 8 
7 . 2 4 + 1 . 2 7 
5 . 5 4 + 1 . 3 3 
9 .58 
8 . 9 2 
1 7 . 0 5 
18 . S8 
1 3 . 8 7 
1 5 . 5 2 
1 2 , 7 4 
1 5 , 6 6 
1 7 . 5 4 
2 4 . 0 0 
-
13 .48 
2 7 , 3 9 
2 8 . 5 8 
2 9 . 6 8 
-
1 0 . 2 0 
2 7 . 5 0 
3 5 . 7 5 
5 0 . 8 4 
1 3 . 9 2 + 1 . 4 6 
1 2 . 2 3 + 1 . 1 6 
1 0 . 3 9 + 2 . 0 6 
1 0 . 2 1 + 1 . 9 2 
1 0 . 0 3 + 1 . 5 8 
1 4 . 3 3 + 2 . 2 9 
1 2 . 8 5 + 1 . 5 7 
1 0 . 5 3 + 1 . 7 0 
9 . 1 0 + 1 . is 
6 . 8 1 + 1 . 6 3 
-
1 2 . 1 4 
2 5 . 3 5 
2 6 . 6 5 
2 7 . 9 4 
•« 
1 0 . 3 2 
2 6 . 5 1 
3 6 . 4 9 
5 2 . 4 7 
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Table 19 : Ef fec t of MH on s e e d l i n g growth of M, g e n e r a t i o n 
in Vigna munqo ( L . ) Hepper v a r . T-9 and PU-19 
• — . < 
v a r i e t y 
T-9 
PU-19 
Trea tment Root l e n g t h 
Range (cm) (Mean+SD) 
c\^ 
i 
Root 
In ju ry 
Control 
0.1?<, 
0.2% 
0.3% 
0,4% 
Control 
0.1% 
0.2% 
0.3% 
0.4% 
2 . 9 - 4 . 3 
3 . 6 - 4 . 2 
2 . 9 - 4 . 3 
1 . 7 - 3 . 1 
1 , 6 - 2 . 8 
2 . 8 - 5 . 2 
2 . 8 - 4 . 4 
2 . 8 - 4 . 4 
2 . 4 - 3 . 5 
1 . 6 - 2 , 9 
3 . 5 l - t - 0 . 4 4 
3 . 8 5 + 0 . 2 0 
3 . 7 7 + 0 . 3 8 
2 . 5 3 + 0 . 4 3 
2 . 0 7 + 0 . 4 3 
3 . 6 8 + 0 . 8 3 
3 . 7 6 + 0 . 4 3 
3 . 7 7 + 0 . 4 2 
3 . 0 1 + 0 . 3 2 
2 . 1 9 + 0 . 5 0 
1 2 . 5 3 
5 . 1 9 
1 0 , 0 7 
1 6 . 9 9 
2 0 . 7 7 
2 2 . 5 5 
1 1 . 4 3 
1 1 . 1 4 
1 0 . 6 3 
2 2 . 8 3 
— 
- 9 . 6 8 
- 7 . 4 0 
2 7 . 9 2 
4 1 . 0 2 
-
- 2 . 1 7 
- 2 . 4 4 
1 8 , 2 0 
4 0 , 4 8 
S h o o t l e n g t h 
Range (cm) (Mean+SD) 
7 8 
CV % 
9 
Shoot 1 
injury 
(%) 
10 
T o t a l 
l e n g t h ' 
(Mean+ S D ) 
11 
T o t a l 
s e e d 1 i n 
Injury 
(%) 
12 
8 , 9 - 1 3 . 7 
1 0 , 1 - 1 4 , 2 
8 , 9 - 1 3 . 7 
7 , 8 - 1 2 , 3 
5 . 4 - 9 . 6 
9 , 5 - 1 5 . 2 
9 . 8 - 1 6 , 2 
9 . 8 - 1 5 , 1 
8 . 1 - 1 2 . 5 
5 . 2 - 9 . 4 
1 1 , 4 8 + 1 . 9 5 
1 2 . 0 1 + 1 . 1 8 
1 1 . 6 5 + 1 . 6 0 
1 0 . 0 3 + 1 . 40 
7 . 6 3 + 1 . 1 9 
1 2 . 3 4 + 1 . 1 4 
1 3 . 0 3 + 1 . 8 7 
1 3 . 1 3 + 1 . 6 2 
1 0 . 1 3 + 1 . 3 7 
7 . 5 6 + 1 . 3 0 
1 6 . 9 8 
9 . 8 2 
1 3 . 7 3 
1 3 . 9 6 
1 5 . 5 9 
1 4 . 1 0 
1 4 . 3 5 
1 2 . 3 3 
1 3 . 5 2 
1 7 . 1 9 
-
- 4 . 6 1 
- 1 . 4 8 
1 2 . 6 3 
3 3 . 5 3 
-
- 5 . 5 9 
- 6 . 4 0 
1 7 . 9 0 
3 8 . 7 3 
1 4 . 9 9 + 2 . 3 9 
1 5 . 8 6 + 1 , 2 8 
1 5 . 4 2 + 1 , 9 8 
1 2 . 5 6 + 1 . 8 3 
9 . 7 0 + 1 . 6 2 
1 6 . 0 2 + 2 . 5 7 
1 6 . 7 9 + 2 . 3 0 
1 6 . 9 0 + 2 . 0 4 
1 3 . 1 4 + 1 . 6 9 
9 . 7 5 + 1 . 8 0 
-
- 5 . 8 0 
- 3 . 2 0 
1 6 . 2 1 
3 5 . 2 9 
-
- 4 . 8 0 
- 5 . 4 9 
1 7 . 9 7 
3 9 . 1 3 
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Table 20 : E f f e c t of MH on s e e d l i n g growth o f M, g e n e r a t i o n In 
Viqna r a d i a t a ( L . ) Wi lczek . v a r . T - 4 4 and P - 2 . 
var i e t y 
1 
Treatment 
2 
Root l e n g t h 
Range (cm) 
3 
(Mean+ S D ) 
4 
cv % 
5 
Root 
i n j u r y 
6 
T - 4 4 
P - 2 
c o n t r o l 
0 . 1% 
0.2% 
0.3% 
0 . ^ 
C o n t r o l 
0 .1% 
0.2% 
0.3% 
0.4% 
2 . 4 - 3 . 6 
2 . 8 - 5 . 1 
2 . 3 - 4 . 2 
1 . 6 - 3 . 7 
1 . 7 - 3 . 3 
2 . 5 - 3 . 7 
2 . 9 - 4 . 7 
2 . 3 - 4 . 3 
1 . 6 - 3 . 7 
1 . 5 - 2 . 6 
3 . 0 7 + 0 , 3 1 
4 . 0 7 + 0 . 6 6 
3.4CM-0, 49 
2 . 4 9 + 0 , 5 8 
2 , 3 4 + 0 . 4 9 
3 . 1 8 + 0 . 3 9 
3 . 4 7 + 1 . 2 0 
3 . 3 0 + 0 . 6 7 
2 . 3 9 + 0 . 6 5 
2 . 0 3 + 0 . 3 4 
1 0 . 0 9 
1 6 . 2 1 
1 4 . 4 1 
2 3 . 2 9 
2 0 . 9 4 
1 2 . 2 6 
3 4 . 5 8 
2 0 . 3 0 
2 7 . 1 9 
1 6 . 7 4 
-
- 3 2 . 5 7 
- 1 0 . 7 4 
1 8 . 8 9 
2 3 . 7 7 
-
-.^). 11 
- 3 . 7 7 
2 4 . 8 4 
3 6 . 1 6 
S h o o t l e n g t h 
R a n g e ( c m } (Hean+SD; 
CV % S h o o t i n j u r y 
(%) 
T o t a l 
l e n g t h 
(Mean+SD) 
T o t a l 
s e e d l i n g 
i n j u r y ( % ) 
9 . 6 - 1 4 . 1 
1 1 . 3 - 1 5 . 4 
1 1 . 3 - 1 5 . 1 
8 . 9 - 1 2 . 3 
8 . 1 - 1 2 . 6 
9 . 1 - 1 3 . 2 
1 1 . 5 - 1 5 . 2 
1 0 . 9 - 1 4 . 5 
7 . 2 - 1 2 . 4 
6 . 3 - 1 0 . 4 
1 2 . 3 7 + 1 . 2 4 
1 3 . 7 2 + 1 . 2 9 
1 3 . 2 9 + 1 . 0 5 
1 0 . 4 7 + 1 , 0 2 
9 . 6 9 + 1 . 3 2 
1 1 . 4 3 + 1 . 2 7 
1 3 . 2 6 + 1 . 08 
1 2 . 8 0 + 1 . 1 4 
9 . 6 7 + 1 . 5 2 
8 . 3 3 + 1 . 0 9 
1 0 . 0 2 
9 . 4 0 
7 . 9 0 
9 . 7 4 
1 3 . 6 2 
1 1 . 1 1 
3 . 1 4 
8 . 9 0 
1 5 . 7 1 
1 3 . 0 8 
- 1 0 . 9 1 
^ 7 . 4 3 
1 5 . 3 5 
2 1 . 6 6 
- 1 6 . 0 1 
- 1 1 . 9 8 
1 5 . 3 9 
2 7 . 1 2 
1 5 . 4 4 + 1 . 5 5 
1 7 . 7 9 + 1 . 9 5 
1 6 . 6 9 + 1 . 5 4 
1 2 . 9 6 + 1 . 6 0 
1 2 . 0 3 + 1 . 8 1 
1 4 . 6 1 + 1 . 6 6 
1 6 . 7 3 + 2 . 2 8 
1 6 . 1 0 + 1 . 8 1 
1 2 . 0 6 + 2 . 1 7 
1 0 . 3 6 + 1 . 4 3 
- 1 5 . 2 2 
- 8 . 0 9 
1 6 . 0 6 
2 2 . 0 8 
- 1 4 . 5 1 
- 1 0 . 1 9 
1 7 . 4 5 
2 9 . 0 8 
C%] Seedling Injury 
O 0.05 0.10 0.15 0.20 0.25 0 3 0 0.35 0-40 
(%) Concentration EMS 
—•— Series T-9 —•— Series Pu-19 
F/g. '13. Seedling iryury cmus&d by EMS in BlacKgran) 
100 
i%] Seedling injury 
0.06 0.10 0.15 0.20 0.25 0 3 0 0.35 
(%) Concentratfon Ei^S 
0.40 
Series T-44—•— Series P-2 
Fig. 14. SeedVng injury in Greengr^m caused by SA 
C5fe) Seedl ing N u r y 
0 O,05 0.10 0.15 0.20 0.25 0 3 0 0.35 
(%) Concentration S A 
0.40 
Series T - 9 — I — Series P U - 1 9 
^ /g. - t 5 . Seedling injury causeci by EMS in B^cKgram 
l%] Seedling injury 
O 0.05 O.IO 0.15 0.20 0.25 0 .30 0.35 
i%) Concentration 5 A 
—*— Series T-44—*— Series P-2 
0.40 
Fig. 16. Seedling injury in Qreengram caused by SA 
40 
3 0 
20 
10 
0 
- 1 0 
- 2 0 
- 3 0 
- 4 0 
(%) Seedling injury 
/ 
0..1 0 . 2 / 0 .3 
1 1 / / 1 
^ ^ ^ / 
^ J > - - * 
r 
/ \ 
1 / 
1 
0 . 4 
1 
(%) concentra t ion MH 
Ser ies T-9*—¥ Ser ies PU-l^ 
Fig. 17. Seedling injury in Blackgram caused by MH 
(%) Seedling injury 
("A) concentra t ion MH 
Ser ies PT2 * • Ser ies T-44 ^—** 
Fig. 18.Seedling injury in Greengram caused by MH 
DISCUSSION 
CHAPTER - V I I I 
S C U S S I O N 
This is well known fact that mutagenesis is a very 
convenient* simple and adequately effective tool for 
induction of variability in crop plants. The mutagenic 
effect of any mutagen on biological system or living 
organism depends on various factors* such as { 
1. Properties of organism 
2. Chemical properties of the rmitagen 
3. concentration of the mutagen 
4. Duration of treatment 
5. Temperature 
6. Hydrogen ion concentration 
7. catalytic agents 
8. Pre and post-treatment conditions 
The present discussion is mainly confined to the 
immediate effect of mutagens (EMS, SA and f^1) on the seed 
germination, seedling growth and morphology of different 
varieties of blacXgram (T-9 and PU-19) and greengram (T-44 
and P-2). 
SEED GERMINATIOW J 
The seed germination percentage in the present study 
was reduced with increasing concentrations of mutagens(EMS 
SA and MH ) . The extent of reduction in seed germination 
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v a r i e s for d i f f e r e n t v a r i e t i e s and mutagens. This r e s u l t 
may be due t o t h e i r genet i c makeup and mode of a c t i o n 
of the mutagens* The i n h i b i t i n g e f f e c t of gamma rays on 
seed germination has been observed by many workers (Basu 
and Basu, 1968; Rajput, 1970; P a t e l and Shah, 1974; Sinha 
and Sinha, 1977; Chopra and Singh, 1978; s iddiqui e t a l . , 
1979 a . b ; 1980). Similar r e s u l t s have a l s o been obtained 
by chemical mutagois (Sr ivas tava , 1972; s r ivas tava et^ al« , 
1973; Rajput, 1973; Dahiya, 1973; Khalatkar and Bhat ia; 
1975; Ganguli and Bhadxiri, 1980; Ansar i , 1984; Subramanium. 
1980; sarker and Sharma, 1989; vandana and Dubey, 1990; 
Khan and S iddiqui , 1990) . The s imi lar e f f e c t of EMS, SA and 
MH was a l s o found on seed germination i n the present i n v e s t l * 
g a t i o n . 
Several workers have attempted to expla in t h e causes 
of i n h i b i t i o n of seed germination, ti^ich may be due to the 
e f f e c t <m the gas exchange of s e e d , and/or the biochemical 
mechanism of the r e s p i r a t i o n or the both.Gunkel (1957) has 
expla ined that reduct ion in seed germination may be due 
t o p h y s i o l o g i c a l d i s turbances . Hacber and t«uippoId (1959) 
reported that high doses of r a d i a t i o n probably des troy 
a l l germination r e g u l a t o r s i n l e t t u c e s e e d s . The d e s t r u c t i o n 
of the a c t i v i t y of g i b b e r e l i c a c i d in v i t r o through i r r a -
d i a t i o n has been reported by S i d e r i s e_t a l . ( 1 9 7 1 ) . 
I t can be concluded that reduct ion i n seed germina-
t i o n percentage in present study may be due t o t h e %«eakening 
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and disturbances of girowth processes as reported by 
Ananthaswamy e t a U ( 1 9 7 A ) in wheat, i r r a d i a t e d vd.th 
gamma rays* G r i f f i t h s and Johnscm (1962) in Oat and 
Srivastava (1979) in Solanum melongena* 
I t was observed t h a t mutagens* b e s i d e s reducing the 
percentage of germination* a l so caused a remarkable de lay 
in t h e i n i t i a t i o n of seed germinat ion. Delayed germinat ion. 
as observed i n pearl m i l l e t (Burton and P o w e l l , 1966) . 
Corchosus sp* (Sen and Ghosh, 1968) , and Phaseolus v u l g a r i s 
(Bajaj e t al,. 1970) , mungbean (Khan et, al^., 1987; Rao and 
Rao, 1983) , and Anwi ma jus L. (Ansari , 1984) . 
The delay i n t h e seed germination depends upon a 
number of external f a c t o r s (water, temperature, g a s e s , 
l i g h t , i n h i b i t o r s and b i o t i c f a c t o r s ) and i n t e r n a l f a c t o r s 
(immaturity of embryo, presence of i n h i b i t o r y substances 
and hard seed c o a t ) . In the present i n v e s t i g a t i o n the 
t r e a t e d seeds ^owed de lay in germination with i n c r e a s i n g 
concentra t ions of mutagens. The higher concentra t ion of 
EMS (0.7% and 0.8%) showed delay in seed germination by 
t h r e e t o four days i n a l l v a r i e t i e s of blackgram and green-
gram. In the case of SA treatment , a l l the v a r i e t i e s showed 
four days delay in 0,1%, and three days de lay in .09% concen* 
t r a t i o n . Maleic hydrazide treatment showed three days de lay 
in 1.0% and two days delay in 0,9% concentrat ion in compari-
s ion t o c o n t r o l s . 
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GROWTH AND SEEDLING INJURY J 
In the present observat ion t h e average of s eed l ing 
he ight showed a decreas ing pattern with Incr^^slng concen-
t r a t i o n s of almost a l l mutagens In M. generat ion . However, 
the enhancing e f f e c t of lower concentrat ions of malelc 
hydrazlde was found In M. generation* 
Seedling in jury due t o chemical mutagens has been 
e3Q>ressed In terms of retarded growth* Similar r e s u l t s of 
growth and seed l ing in jury have been obtained by severa l 
%«orkers in d i f f e r e n t crop p l a n t s , such as lAeat (Sarlc 
e t a l • 1961) , na ize (oaur and Notanl» 1963) , Peas (Wellen-
s i c k , 1965) , Safflower (chauhan, 1969) , Guar (Rai , 1971) , 
Brass lca napus (Fowler and S t e f e n s i o n , 1972) , Sesaraum and 
Martynia (Nath, 1974) , Ammi ma jus L, (Ansari . 1984) bar ley 
(Khalatkar and Bhat ia , 1975) , Castorbean (Reuben e t al^ * 
1978) , l e n t i l (Siarma and Sharma, 1979; sarker and Sharma 
1989) , mungbean (Khan and S idd iqu i , 1986, 1987; Mtan e|^ al^. 
1987) and Hib i scus cannabinus L* (Ogunbodede and Brunner, 
1991) . In the present study MI has caused the l e a s t growth 
Injury at s e e d l i n g s t a g e . 
Several workers have t r i e d t o exp la in the reason for 
the reduct ion i n s e e d l i n g gco%«th* Gray and Scholes ( 1 9 5 1 ) , 
N l l a n e t a^. ( 1 9 6 4 ) , Powler and S t e f e n s i o n , ( 1 9 7 2 ) , and Lea 
(1955) have suggested that reduction i n s e e d l i n g growth may 
8? 
be due to the uneven damage to the meristeroatlc c e l l s 
as a consequence of geneu^c injury, "nioday (1951) Pelc 
and Howard (1956), Khalatkar and Bhatla (1975), and Sparrow 
et a l . (1961) suggested that chromooomal damage and/or 
inhibit ion of c e l l divis ion affected by ionizing radiations 
are the chief causes of reduced growth. Russel and Martin 
(1962) reported that reduced growth by mutagenic treatment 
was due to chromosomal damage and in part due to i^ys io lo -
g ica l disturbances* i^ich affected the plant h e i ^ t . Inhibi-
t ion or impaired mitosis could also be the reason for 
reduced growth (Mergen and Johanson, 1964; Conger and 
Stevension. 1969), which can go upto the extent of v ir tua l 
elimination of seedl ings . 
Another group of workers be l ieve that changes in 
auxin level in plant may be bas ica l ly responsible for the 
reduced growth Skoog (1935)» Smith and Kersten (1942), 
Gordon (1954. 1955, 1956. 1957) observed markable reduction 
in the leve l of auxin content in the plants following 
irradiat ion. Smith and Kerf*ten (1942) reported a general 
increase in destruction of auxin contents from apex to base 
in peas. Gordon (1955) attributed t h i s f a l l in the auxin 
leve l due to destruction of highly rad io - sens i t ive enzyme 
system that involved in the conversion of tryptophan to 
Indole-3-acet ic acid. Gunkel (1957) has explained that 
stunted growth may be due to the influence of phytoharmones 
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and physiological disturbances, Halvey and Shoub (1965) 
ooud and Nayer (1968), denontfw*:at«d that seedling growth 
depression may be due to the inhibition of auxin synthesis. 
In the present study redxiction in seedling height may be 
due to increase in destruction o£ auxin contents from apex 
to base as reported by Smith and Kersten (1942) in peas. 
>fhatever may be the cause of reduced seedling height, 
the fact remains that the chromosomes are carrying various 
genes responsible for life processes and expressions of 
characters. The damage to any part of these vital and tiny 
organs bring jabout various physiological and metabolic 
disorders %(hich inturn bring about several morphological 
and gro«rth abnormalities in the plant and plant organs.. 
SUMMARY 
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CHAPTER - IX 
S U M M A R Y 
In the present study» an attempt has been made to 
explore the p o t e n t i a l of induced mutagenesis to develop 
g e n e t i c v a r i a b i l i t y in the blackgram and greengr^m. The 
prel iminary experiment was conducted a f t e r the treatment 
of chemical mutagens in B>O.D. The dry seed of blackgram 
(vars: T-9, Pu-19) and greengram (vars : T-44 , P-2) were 
t r e a t e d with O.Ol, 0 , 0 2 , 0 . 0 3 . O.O4. 0 . 0 5 . 0 . 0 6 . O.O7, 
0 . 0 8 , 0 . 0 9 , and 0. lO percent of sodium aa ide(SA) . O . i , 0 . 2 , 
0 . 3 , 0 . 4 , 0 . 5 , 0 . 6 , 0 . 7 . 0 . 8 , 0 .9 and 1.0 percent of 
e t h y l methane sulphonate (EMS) and malelc hydrazide (MH). 
Ethyl methane sulphonate (EMS) i s a l k y l a t i n g a g e n t , SA i s 
r e s p i r a t o r y i n h i b i t o r and MH act as a c y t o t o x i c substance 
i n the p l a n t s . The fo l lowing parameters have been s tudied 
i n the present i n v e s t i g a t i o n : 
1. Seed germination percentage 
2. Seedling growth and 
3. Seedling injury 
A depression in seed germination, seedling height 
was found with increasing ccncentrations; of the mutagens. 
FUTURE PLAN OF WORK 
CH.AFTER - X 
FUTURE PLAN OF WURK 
Attempts w i l l be made to o b t a i n Improved v a r i e t i e s 
o f v i g n a munqo and Viqna r a d i a t a , through the i n d u c t i o n 
o f m u t a t i o n , c o l c h i p l o i d y and h y b r i d i z a t i o n . The f o l l o w i n g 
e x p e r i m e n t s w i l l be performed and Mj^ , Mj . M_, C - , Cj # C - , 
F - , P , and P- g e n e r a t i o n s w i l l be s t u d i e d t h o r o u g h l y from 
m o r p h o l o g i c a l c y t o l o g i c a l , y i e l d and d i s e a s e r e s i s t a n c e 
p o i n t of v i e w t o o b t a i n d e v e l o p e d and Improved s t r a i n s . 
1 0 . 1 INDUCTION OF MUTATION : 
Chemical mutagens w i l l be used on dry and pre-soa)aBd 
s e e d s . Comparative o b s e r v a t i o n s on morphology , c y t o l o g y 
c y t o g e n e t i c s , y i e l d parameter of t r e a t e d and non t r e a t e d 
m a t e r i a l s w i l l be recorded f o r d e t e c t i n g n a t u r e and e x t e n t 
o f m u t a t i o n s . D e s i r a b l e mutants w i l l be i s o l a t e d and t e s t e d 
f o r s t a b i l i t y upto M_ g e n e r a t i o n . 
1 0 . 1 . 1 . I n d u c t i o n of m u t a t i o n u s i n g c h e m i c a l mutagens : 
Male ic h y d r a z i d e and e t h y l e methan s u l p h o n a t e w i l l 
be used i n t e n d o s e s of 0 .1%, 0.2%. 0.3%, 0.4%. 0.5%, 0.6%, 
0 . 7 % , 0 . 8 . 0.9% and 1.0% c o n c e n t r a t i o n i n aqueous s o l u t i o n 
and the same way t r e a t m e n t w i t h SA w i l l be g i v e n . The t r e a t -
ment w i l l be g i v e n f o r e i g h t h o u r s d u r a t i o n a f t e r pre s o a k i n g 
s e e d s i n d i s t i l l e d water f o r s i x h o u r s . These t r e a t e d s e e d s 
w i l l be t h o r o u g h l y washed wi th d i s t i l l e d w a t e r b e f o r e sowing 
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in p o t s or in the f i e l d . 
10 .1 .2 I n d u c t i o n o f mutat lona u s i n g p h y s i c a l mutagen3 : 
Dry s e e d s a s w e l l a s s e e d s presoaked i n d i s t i l l e d 
water f o r 8 h o u r s , w i l l be i r r a d i a t e d w i t h gamraa r a y s w i t h 
I 0 , l 5 , 4 n d 20 Kr d o s e s be fore b e i n g sown. 100 s e e d s w i l l 
be taken f o r e a c h treatment a s w e l l a s f o r c o n t r o l . 
10 .2 INDUCTION OF COLCHlPLPlDY : 
The main o b j e c t o f c o l c h i p l o i d y i s t o d e v e l o p t h e 
p l o i d y l e v e l i n i n d i v i d u a l as w e l l a s t o induce f e r t i l i t y in 
s t e r i l e a l l o p o l y p l o i d e s . For c o l c h i p l o i d s t h e f o l l o w i n g 
t h r e e methods w i l l be adopted . 
1 0 . 2 , 1 Seed Treatment : 
F ive s e t s of each v a r i e t y c o n t a i n i n g 100 s e e d s e a c h 
w i l l be soaked i n d i s t i l l e d w a t e r and then t h e two s e t s o f them 
w i l l be t r e a t e d w i t h two d i f f e r e n t c o n c e n t r a t i o n (0 .1% and 
0.2%) o f c o l c h i c i n e f o r 24 and 48 hours and f i f t h one w i l l 
be kept a s c o n t r o l . The t r e a t e d s e e d s w i l l be washed wi th 
t h e f i e l d / p l o t s d i s t i l l e d water and t h e n so%*n in f i e l d p o t s . 
10 . 2 , 2 . Growing t i p t r e a t m e n t : 
F i f t y s e e d s e a c h in f i v e r e p l i c a t e s w i l l be soaked 
i n d i s t i l l e d w a t e r f o r s i x hours and sown in p o t s . At 4-6 
l e a f s t a g e , t i p s of t h e s e e d l i n g s w i l l be kept m o i s t w i t h 
t h e h e l p o f non absorbent c o t t o n p i e c e , kept wet w i th 0.1% 
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and 0.2% c o l c h i c i n e s o l u t i o n f o r 24 and 48 h o u r s . A f t e r the 
t r e a t m e n t s t i p s w i l l be washed w i t h d i s t i l l e d arid water 
a l l o w e d t h e s e e d l i n g s t o grow. 
C y t o g e n e t i c a l , m o r p h o l o g i c a l and y i e l d parameters 
w i l l be s t u d i e d * in a l l the c a s e s . 
1 0 . 3 . 1 I n d u c t i o n of a u t o p o l y p l o i d y : 
Attempt w i l l be made t o produce t h e auto p o l y p l o i d s 
( p l a n t s a t h i g h e r p l o i d y l e v e l ) w i th b e t t e r f r u i t and h i g h e r 
y i e l d q u a l i t i e s . 
1 0 . 3 . 2 I n d u c t i o n of a inphid ip lo idy : 
A l l o p o l y p l o i d s are produced a s a r e s u l t o f c r o s s e s 
between tvio d i s t a n t r e l a t i v e s , v a r i e t i e s , s p e c i e s o r g e n e r a . 
These are g e n e r a l l y s t e r i l e . T h e i r s t e r i l i t y may be overcome 
by d o u b l i n g t h e chromosome number by u s i n g c o l c h i c i n e . 
1 0 . 4 HYBRIDIZATION PROGRAMME : 
T h i s method o f b r e e d i n g i s used t o b r i n g t o g e t h e r 
d e s i r a b l e c h a r a c t e r s from d i f f e r e n t p a r e n t s . F o l l o w i n g 
v a r i e t i e s o f v l q n a munqo and v l g n a r a d i a t a w i l l be used f o r 
i n t e r v a r i e t a l c r o s s e s . 
a) Blackgram ( v i q n a munqo(L. )Hebber) ( i ) PU-19 
( i i ) T - 9 
b) Greengram (Viqna r a d i a t a ( L . ) Wi lczek) ( i ) T-44 
( i i ) P-2 
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Simi lar ly the above s p e c i e s w i l l be used for producing 
i n t e r s p e c i f i c hybrids (F^). The F^ and F^ generat ions w i l l be 
produced by s e l f i n g F, and Fj generat ion r e s p e c t i v e l y . 
^k>rphology, y i e l d ^nd c y t o g e n e t i c s of F- and F2 and F 
generat ions w i l l be s tud ied . 
The r e c i p r o c a l c r o s s e s in a l l the c a s e s w i l l be 
made to study the inheri tance pat tern of c h a r a c t e r s . 
10 .5 BACK CROSSES : 
The fo l lowing back c r o s s e s w i l l be performed in order 
t o t r a n s f e r des i rab le q u a l i t i e s from one parent t o another. 
10 .5 .1 Back cro8«e8 of F, hybrids (BC, and BCQ Progenies) i 
F, hybrids of i n t e r v a r i e t a l and i n t e r s p e c i f i c c r o s s e s 
w i l l be back c r o s s e s with t h e i r r e s p e c t i v e parents t o produce 
EC, generat ion and the ind iv idua l w i l l be s e l f e d to produce 
BC2 generation* 
10.5.2 Back c r o s s e s of arophidiploids ( B C . and BC^ progeny): 
Amj^idiploids w i l l a l s o be back cros sed with t h e i r 
r e s p e c t i v e parents t o develop BC, generat ion and they w i l l be 
s e l f e d t o produce BCo generat ion . 
10.6 SEI£CTION j 
Intens ive s e l e c t i o n experiments w i l l be conducted 
t o obtain improved l i n e s . I t i s proposed t o adopt both 
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mass s e l e c t i o n and progeny s e l e c t i o n method. 
1 0 . 6 . 1 S e l e c t i o n from h y b r i d s m a t e r i a l s : 
T h i s m a t e r i a l w i l l be c o m p r i s i n g of i n t e r s p e c i f i c 
and i n t e r v a r i e t a l h y b r i d s and t h e i r p r o g e n i e s ^Fi •^2 *"*^  
F_ , BC-1, BC-2 and BC-3 g e n e r a t i o n s ) . S u i t a b l e s e l e c t i o n s 
w i l l be made from t h e s e d i f f e r e n t g e n e r a t i o n s . 
1 0 . 6 . 2 s e l e c t i o n of mutants : 
Mutants (MJ^) wi th d e s i r a b l e c h a r a c t e r s w i l l be s e l f e d 
t o produce M- g e n e r a t i o n and M. g e n e r a t i o n w i l l be o b t a i n e d 
by s e l f i n g t h e M2 p l a n t s . From t h i s p o p u l a t i o n s t a b l e mutants 
w i l l be s e l e c t e d . 
1 0 . 6 . 3 s e l e c t i o n o f p o l y p l o i d s : 
s i m i l a r l y s e l e c t i o n w i l l be made from t h e p o l y p l o i d 
p o p u l a t i o n , produced through c o l c h i p l o i d y . P l a n t s w i t h 
d e s i r a b l e t r a i t s w i l l be i s o l a t e d (C. ) and s e l f e d t o produce 
C2 p l a n t s and t h e y w i l l be s e l f e d t o produce C g e n e r a t i o n . 
10 .7 CYIOGENETICAL STUDIES : 
C y t o g e n e t i c behaviour o f t h e p r o d u c t s o f t h e above 
ment ioned e x p e r i m e n t s w i l l be s t u d i e d . M e l o s i s In m i c r o s p o r e 
mother c e l l w i l l be compared w i t h t h a t o f c o n t r o l p l a n t s . 
For c y t o l o g i c a l p r e p a r a t i o n s t h e procedure o f Bhaduri and 
Ghosh (1954) w i l l be f o l l o w e d . 
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10 . 7 . 1 C y t o g e n e t i c s of hybr id m a t e r i a l s : 
•flie m a t e r i a l w i l l i n c l u d e a l l F, h y b r i d s a s w e l l as 
t h e i r p r o g e n i e s , 
a) I n t e r s p e c i f i c h y b r i d s 
b) I n t e r v a r i e t a l h y b r i d s 
c ) Back c r o s s progeny o f P- h y b r i d s 
10 , 7 . 2 C y t o g e n e t i c s o f mutant s : 
These mxitants i n c l u d e from M., M2 and M- g e n e r a t i o n s 
and t h e i r back c r o s s p r o g e n i e s . 
1 0 , 7 . 3 C y t o g e n e t i c s of p o l y p l o i d s : 
The p o l y p l o i d s s h a l l i n c l u d e both 
a) A u t o p o l y p l o i d s 
b) Amphid ip lo ids 
10 . 8 BREEDING FOR DISEASE RESISTANCE : 
D i s e a s e r e s i s t a n c e of improved v a r i e t i e s w i l l be 
s t u d i e d and compared with t h e c o n t r o l and p a r e n t s . T h e 
a b i l i t y of g e r m i n a t i n g s e e d s t o grow f r e e from p a t h o g e n s 
p r e s e n t i n t h e s o i l , w i l l be t a k e n a s an i n d i c a t o r o f 
d i s e a s e - r e s i s t a n c e . R e s i s t a n c e of p l a n t s a g a i n s t t h e p e s t s 
w i l l a l s o be n o t e d . R e s i s t a n c e w i l l be s t u d i e d i n t h e 
f o l l o w i n g manner. 
a) R e s i s t a n c e a g a i n s t f u n g a l d i s e a s e s 
b) R e s i s t a n c e a g a i n s t b a c t e r i a l d i s e a s e s 
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c) Resistance against v ira l d iseases . 
d) R e s i s t a n c e a g a i n s t i n s e c t p e s t s . 
10 . 9 TESTING AND ESTABLiaHING THE SEIJ:CTI0NS : 
An at tempt w i l l be made t o s t a r t p r e l i m i n a r y 
e x p e r i m e n t s f o r t e s t i n g t h e s e l e c t i o n s f o r d e t e r m i n i n g 
t h e i r g e n e t i c p u r i t y and c o n s i s t a n c y . I t w i l l be i n t e n d e d t o 
a t tempt t o s t a b i l i s e d i f f e r e n t d e s i r a b l e c h a r a c t e r s o b t a i n e d 
i n s e l e c t i o n s and then t h e s e e d s w i l l be r e l e a s e d t o farmers 
a f t e r r e c o g n i z i n g by any one of t h e s e e d r e l e a s i n g a g e n c i e s . 
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